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TITLE OF THE INVENTION 

METHODS OF USE FOR DNA MOLECULES ENCODING M68, 
A TNF RECEPTOR-RELATED PROTEIN 

CROSS-REFERENCE TO RELATED APPLICATIONS 

This provisional application is a continuation-in-part of U.S. Provisional 
Application Serial No.60/172,754, filed December 20, 1999, which is a continuation- 
in-part of U.S. Provisional Application Serial No. 60/118,902, filed February 5, 1999. 

STATEMENT REGARDING FEDERALLY-SPONSORED R&D 
Not Applicable 

REFERENCE TO MICROFICHE APPENDIX 
Not Applicable 

FIELD OF THE INVENTION 

The present invention relates to human DNA molecules encoding M68, a 
tumor necrosis factor (TNF) receptor-related protein, recombinant vectors comprising 
DNA molecules encoding M68, recombinant host cells which contain a recombinant 
vector encoding M68, the M68 protein encoded by the DNA molecule, methods of 
identifying selective modulators of M68, and additional methods of use for the DNA 
encoding M68 and the expressed protein. 

BACKGROUND OF THE INVENTION 

Tumor necrosis factor (TNF) family and TNF receptor (TNFR) families 
comprise a group of molecules involved in the regulation of immune response, cell 
proliferation/differentiation, and cell death. It is known that various ligands (e.g., 
TNF-a, sTNF-a, OPGL, LTa (TNF-p), TRAIL, FasL, CD40L, CD30L, CD27L, 4- 
1BBL, LIGHT, etc.) and receptors (e.g., p55R, p75R, Fas, LTf3R, CD40, CD30, 
NGF-R, etc.) members of this family play an important role in apoptotic cell death 
(for a recent review, see Wallach, 1996, Cytokine & Growth Factor Reviews 7: 
211-221). 

PCT International Application WO 98/30694 discloses a cDNA molecule 
which comprises the same open reading frame as the DNA molecules encoding M68. 
The inventors suggest broad roles which the expressed protein may have, including 
roles in immune system-related disorders. 
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Pitti et al. (1998, Nature 396: 699-703) disclose a cDNA molecule which 
comprises the same open reading frame as the DNA molecule encoding M68. The 
authors refer to the expressed protein as decoy receptor 3 (DcR3) and show mRNA 
expression in fetal lung, brain and liver as well as adult spleen, colon and lung. The 
DcR3 gene was also shown to be amplified in various primary lung and colon tumors. 
The authors suggest a role which involves interaction with Fas ligand, a TNF-a 
related protein involved in apoptosis (see also Green, 1998, Nature 396: 629-630). 

Osteoprotegrin (OPG) has been identified as a member of the TNFR family. 
This protein lacks a transmembrane domain and is a secreted protein which regulates 
bone metabolism, leading to the possibility that this protein is a natural inhibitor for 
its ligand and a possible candidate for use in treating bone diseases such as 
osteoporosis (Simonet et al., 1997, Cell 89(2):309-319). 

PCT International Application WO 96/28546 discloses a cDNA molecule 
which encodes a putative TNF receptor-related protein. 

PCT International Application WO 98/12344 discloses a cDNA molecule 
referred to as TR1 receptor, which shows homology to the type 2 TNF receptor. 

PCT International Application WO 98/18824 discloses a cDNA molecule 
referred to as TR2 receptor, which shows homology to the type 2 TNF receptor. 

PCT International Application WO 98/54201 discloses a cDNA molecule 
referred to as TR8 receptor, which shows homology to the type 2 TNF receptor. 

It would be advantageous to identify additional members of the TNFR-like 
family which are expressed in a variety of tissue types and are involved in apoptosis- 
related diseases, such as cancer, inflammation, infections, autoimmune disease and 
osteoporosis. The present invention addresses and meets these needs by disclosing 
isolated nucleic acid molecules which express human M68, recombinant vectors 
which house this nucleic acid fragment, recombinant host cells which expresses 
human M68 and/or a biologically active equivalent, methods of identifying 
modulators of M68 and other uses for the nucleotide and amino acid sequence which 
define the respective gene and expressed protein, M68. 

SUMMARY OF THE INVENTION 

The M68 protein is a member of a family of proteins which have roles in 
immune responses, cell death, cell proliferation and stimulation of cell differentiation, 
resulting in testing for potential use in the treatment of a variety of disease including 
cancer, inflammatory diseases, infections, autoimmune disease and osteoporosis and 
other bone disorders. Unlike most other TNFRs, M68 lacks a transmembrane domain 
and is a secreted factor. Thus it is predicted to function as a natural inhibitor for its 
ligand. The altered expression pattern in a multitude of tissues, as disclosed herein, 
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suggests that M68 may play a role in cancer by binding to its ligand and blocking 
apoptotic cell death induced by such a ligand. This anti-apoptotic role of M68 
suggests that modulators of M68 will be useful in treatment of apoptosis-related 
diseases, including but not limited to various forms of cancer and various bone 
disorders, which are characterized by altered apototitic activity. 

Therefore, the present invention relates to methods of using DNA molecules 
which express human M68, as well as the expressed M68 ligand which are useful in 
identifying modulators of the M68, a ligand or ligand(s) of M68, or competing ligands 
or receptors. An antagonist of M68 will be useful to prevent or inhibit tumorgenesis, 
especially tumorgenesis effected by interaction of molecules involved in apoptosis in 
such cancers as cancers of the colon, esophagus, rectum and stomach. A compound 
which acts as an agonist of M68 activity will be useful in the treatment of diseases in 
which an excessive or inappropriate apoptosis was induced by its ligand. 

The present invention also relates to use of the nucleic acid molecules 
disclosed herein for use in various diagnostic protocols to measure M68 expression 
and/or mutation in regard to various cancers, including but not limited to colon, 
esophagus, rectum and stomach cancer. 

The present invention also relates to use of the nucleic acid molecules 
disclosed herein for use in mutation screening or gene amplification studies. 

The present invention also relates to use of the nucleic acid molecules 
disclosed herein as gene therapy vehicles, wherein in vivo expression will result in 
increase levels of the M68 protein, which in turn will be useful in treating conditions 
involving atypical apoptosis. 

The present invention relates to an isolated or purified nucleic acid molecule 
(polynucleotide) which encodes the TNFR-like protein, M68. The nucleic acid 
molecules of the present invention are substantially free from other nucleic acids. The 
present invention is in part exemplified by the isolated DNA molecule comprising the 
nucleotide sequence disclosed herein as SEQ ID NOs:l, 2 and 5. 

The present invention also relates to isolated fragments or mutants of SEQ ID 
NOs:l, 2 and 5 which encode mRNA expressing a biologically active protein or 
protein fragment of M68. Any such biologically active fragment and/or mutant will 
encode either a protein or protein fragment which at least substantially mimics the 
pharmacological properties of a wild-type, M68 protein, including but not limited to 
the M68 receptor protein as set forth in SEQ ID NO:3. Any such polynucleotide 
includes but is not necessarily limited to nucleotide substitutions, deletions, additions, 
amino-terminal truncations and carboxy-terminal truncations such that these 
mutations encode mRNA which express a protein or protein fragment of diagnostic, 
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therapeutic or prophylactic use and would be useful for screening for agonists and/or 
antagonists for M68 function. 

A preferred aspect of this portion of the present invention is disclosed in 
Figure 1A-B, a human cDNA molecule encoding M68 (SEQ ID NO:l). 

Another preferred aspect of this portion of the present invention is disclosed 
herein and set forth as SEQ ID NO:2, a human cDNA molecule which comprises a 
different 5'UTR. 

Another preferred aspect of this portion of the present invention is disclosed 
herein and set forth as SEQ ID NO:5, which comprises an isolated genomic clone 
encoding human M68. Especially preferred are non-coding regulatory regions of the 
genomic clone which are involved in regulation of M68 gene expression. These 
non-coding regions are useful in assays to identify regulatory element/factors for M68 
transcription and thus to further identify reagents that modulate M68 expression. 
Such modulators will be especially useful to treat diseases where M68 expression is 
abnormal. It is shown herein that the overexpression of M68 in GI cancers is in fact 
independent of M68 gene amplification, which implicates ds-acling regulatory 
sequences and/or regulatory factors (such as proteinaceous trans-acting factors) in the 
control of this abnormal M68 expression level seen in various cancers. 

The isolated nucleic acid molecules of the present invention may include a 
deoxyribonucleic acid molecule (DNA), such as genomic DNA and complementary 
DNA (cDNA), which may be single (coding or noncoding strand) or double stranded, 
as well as synthetic DNA, such as a synthesized, single stranded polynucleotide. The 
isolated nucleic acid molecule of the present invention may also include a ribonucleic 
acid molecule (RNA). 

The present invention also relates to recombinant vectors and recombinant 
hosts, both prokaryotic and eukaryotic, which contain the substantially purified 
nucleic acid molecules disclosed throughout this specification. 

A preferred aspect of the present invention is disclosed in Figure 2 and 
Figure 3 (set forth as SEQ ID NO:3) and especially the mature form disclosed in 
Figure 4 and as set forth as SEQ ID NO:4. The M68 protein is a TNFR-like protein 
which lacks a transmembrane domain and is secreted as a soluble receptor protein. 
The protein is most homologous to OPG, which has been identified as a member of 
the TNFR family which is thought to regulate bone metabolism. The mRNA 
expression pattern of M68 is examined in multiple human normal and disease tissues. 
An elevated expression of its mRNA is observed in one third of colon, esophagus, 
rectum and stomach tumors examined suggesting a role for M68 in cancer. 

The present invention also relates to biologically active fragments and/or 
mutants of M68, comprising the amino acid sequence as set forth in SEQ ID NO:3 
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and SEQ ED NO:4, including but not necessarily limited to amino acid substitutions, 
deletions, additions, amino terminal truncations and carboxy-terminal truncations 
such that these mutations provide for proteins or protein fragments of diagnostic, 
therapeutic or prophylactic use and would be useful for screening for selective 
modulators, including but not limited to agonists and/or antagonists for M68 function. 

The present invention also relates to polyclonal and monoclonal antibodies 
raised in response to either the human form of M68, or a biologically active fragment 
thereof. The polyclonal and/or monoclonal antibodies of the present invention, 
especially M68 neutralizing antibodies (antibodies that block M68 function and/or 
block its binding with hgands), will also be useful as therapeutics to modulate M68 
expression and/or activity. 

The present invention also relates to isolated nucleic acid molecules which are 
fusion constructions expressing fusion proteins useful in assays to identify compounds 
which modulate wild-type vertebrate M68. 

Therefore, the present invention relates to methods of expressing the human 
M68 receptor protein and biological equivalents disclosed herein, assays employing 
these gene products, recombinant host cells which comprise DNA constructs which 
express these receptor proteins, and compounds identified through these assays which 
act as agonists or antagonists of M68 activity. 

The present invention also relates to assays to screen or select for various 
modulators of M68 activity, methods of expressing the M68 protein and biological 
equivalents disclosed herein, recombinant host cells which comprise DNA constructs 
which express these receptor proteins, and compounds identified through these assays 
which act as agonists or antagonists of M68 expession and/or activity. 

It is one object of the present invention to provide for M68-based assays to 
select for modulators of this receptor protein. These assays are preferably assays 
whereby a DNA molecule encoding M68 is transfected or transformed into a host cell, 
this recombinant host cell is allowed to grow for a time sufficient to express soluble 
M68 prior to use in various assays described herein. 

Therefore, it is an object of the present invention to use M68, cells transfected 
with an expression vector which directs the expression of M68 or a biological 
equivalent to screen for modulators, preferably selective modulators, of M68 activity. 
Any such compound may be useful in the treatment of various cancers, including but 
not limited to cancers associated with the colon, esophagus, rectum and stomach, as 
well as in other diseases which are associated with abnormal levels of apoptosis, 
including but not limited to systemic lupus erythaematosus, Hashimoto's thyroiditis, 
Graves' disease, idiopathic myxoedema, autoimmune diabetes, thrombotic 
thrombocytopenic purpura, multiple sclerosis, liver diseases (acute and chronic 
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hepatitis, cirrhosis), autoimmune gastritis, ulcerative colitis, glomerulonephritis, 
pulmonary fibrosis, heart failure, atherosclerosis, aplastic anaemia and 
myelodisplastic syndromes, as well as other diseases disclosed herein. 

As used herein, "substantially free from other proteins" means at least 90%, 
preferably 95%, more preferably 99%, and even more preferably 99.9%, free of other 
proteins. Thus, an M68 protein preparation that is substantially free from other 
proteins will contain, as a percent of its total protein, no more than 10%, preferably no 
more than 5%, more preferably no more than 1%, and even more preferably no more 
than 0.1%, of non-M68 proteins. Whether a given M68 protein preparation is 
substantially free from other proteins can be determined by such conventional 
techniques of assessing protein purity as, e.g., sodium dodecyl sulfate polyacrylamide 
gel electrophoresis (SDS-PAGE) combined with appropriate detection methods, e.g., 
silver staining or immunoblotting. 

As used herein, "substantially free from other nucleic acids" means at least 
90%, preferably 95%, more preferably 99%, and even more preferably 99.9%, free of 
other nucleic acids. Thus, a M68 DNA preparation that is substantially free from 
other nucleic acids will contain, as a percent of its total nucleic acid, no more than 
10%, preferably no more than 5%, more preferably no more than 1%, and even more 
preferably no more than 0.1%, of non-M68 nucleic acids. Whether a given M68 
DNA preparation is substantially free from other nucleic acids can be determined by 
such conventional techniques of assessing nucleic acid purity as, e.g., agarose gel 
electrophoresis combined with appropriate staining methods, e.g., ethidium bromide 
staining, or by sequencing. 

As used interchangeably herein, "functional equivalent" or "biologically active 
equivalent" means a receptor which does not have exactly the same amino acid 
sequence as naturally occurring M68, due to alternative splicing, deletions, mutations, 
substitutions, or additions, but retains substantially the same biological activity as 
M68. Such functional equivalents will have significant amino acid sequence identity 
with naturally occurring M68 and genes and cDNA encoding such functional 
equivalents can be detected by reduced stringency hybridization with a DNA 
sequence encoding naturally occurring M68. For the purposes of this invention, 
naturally occurring M68 has the amino acid sequence shown as SEQ ID NO:3 and is 
encoded by SEQ ID NOs: 1, 2 and 5. A nucleic acid encoding a functional equivalent 
has at least about 50% identity at the nucleotide level to SEQ ID NOs:l, 2 and 5. 

A polypeptide has "substantially the same biological activity" as M68 if that 
polypeptide has a Kd for a ligand that is no more than 5-fold greater than the Kd of 
M68 having SEQ ID NO:2 for the same ligand. 
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As used herein, "a conservative amino acid substitution" refers to the 
replacement of one amino acid residue by another, chemically similar, amino acid 
residue. Examples of such conservative substitutions are: substitution of one 
hydrophobic residue (isoleucine, leucine, valine, or methionine) for another; 
substitution of one polar residue for another polar residue of the same charge (e.g., 
arginine for lysine; glutamic acid for aspartic acid). 

As used interchangeably herein, "isolated M68 protein" or "purified M68 
protein" refers to M68 protein that has been isolated from a natural source. Use of the 
term "isolated" or "purified" indicates that M68 protein has been removed from its 
normal cellular environment. Thus, an isolated M68 protein may be in a cell-free 
solution or placed in a different cellular environment from that in which it occurs 
naturally. The term isolated does not imply that an isolated M68 protein is the only 
protein present, but instead means that an isolated M68 protein is substantially free of 
other proteins and non-amino acid material (e.g., nucleic acids, lipids, carbohydrates) 
naturally associated with the M68 protein in vivo. Thus, an M68 protein that is 
expressed in a prokaryotic or eukaryotic cell which do not naturally (i.e., without 
human intervention) express it through recombinant means is an "isolated M68 
protein." 

As used herein, "TNF" refers to - tumor necrosis factor -. 
As used herein, "TNFR" refers to— tumor necrosis factor receptor — . 
As used herein, the term "mammalian host" will refer to any mammal, 
including a human being. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1A-B shows the nucleotide sequence which encodes human M68, as set 
forth in SEQ ID NOT. 

Figure 2A-B shows the translation of the M68 open reading frame. The 
nucleotide sequence shown is as set forth in SEQ ID NOT (coding strand) and SEQ 
ID NO: 1 1 (template strand). The amino acid sequence shown is as set forth in SEQ 
IDNO:3. 

Figure 3 shows the amino acid sequence of human M68, as set forth in SEQ 
IDNO:3. 

Figure 4 shows the amino acid sequence of the mature form of human M68, as 
set forth in SEQ ID NO:4. 

Figure 5 shows an alignment of a portion of the amino acid sequence of M68 
(as contained within SEQ ED NOs:3 and 4) with the amino acid sequence of a portion 
of osteoprotegrin (SEQ ID NO: 10). 
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Figures 6A-6B show multi-tissue Northern analysis of mRNA of tumor tissue, 
normal tissue, and cancer cell lines for determination of expression of mRNA which 
encodes human M68. 

Figure 7A - 7J shows immunohistochemical staining of M68 in normal and 
tumor tissues of the gastrointestinal tract. Note that strong positive staining in 
malignant epithelial cells (arrows) in tumor samples (A; colon, F; esophagus, G; 
stomach, and H; rectum). In normal adjacent colon (E), M68 expression was detected 
in epithelial cells (arrows) lining the lumen, and was generally absent, or only barely 
visible in the glandular epithelium. A significant loss of tumor epithelial cell staining 
was observed when M68 antibody was preincubated with the immunizing peptide (B), 
and no tumor epithelial cell staining was observed in tumor tissues where the antibody 
was omitted (C) or substituted for with non-immune rabbit serum (D). 
Immunohistochemical staining of Fas (CD95) (I) and M68 (J) in a colon 
adenocarcinoma. Note the similar staining pattern and co-expression of CD95 and 
M68 in the tumor epithelial cells (arrows). 

Figure 8A - 8D shows immunohistochemical scoring of M68 overexpression 
in formalin-fixed, paraffin embedded sections from GI tract cancer tissues. (A). No 
staining, or minimal staining, in <10% of the tumor cells: score 0; negative for M68 
expression. (B). Faint, barely visible staining in >10% of the tumor cells: score 1+; 
negative for M68 expression. (C). Weak to moderate staining in >10% of the tumor 
cells: score 2+; positive for M68 expression. (D). Strong staining in >10% of the 
tumor cells: score 3+; strongly positive for M68 expression. 

Figure 9A - 9E show M68 gene amplification and overexpression. 
(A, B) a representative of a M68 overexpressing gastrointestinal tumor without M68 
gene amplification: (A) immunohistochemical staining of M68 protein expression in a 
colon adenocarcinoma. (B) dot count using FISH to the adjacent section of with M68 
BAC DNA. (C, D) a representative of M68 overexpressing gastrointestinal tumor 
with M68 gene amplification: (C) immunohistochemical staining of M68 protein 
expression in a colon adenocarcinoma. (D) dot count using FISH to the adjacent 
section of with M68 BAC DNA. A significant percentage of cells were with 5 or 
more dots. (E) TaqMan quantitative PCR analysis of M68 genomic DNA from the 
same tumor as shown in (A-D). Data shown is the average of two independent 
experiments. 

DETAILED DESCRIPTION OF THE INVENTION 

The M68 protein is a member of a family of proteins which have roles in 
immune responses, cell death, cell proliferation and differentiation, resulting in testing 
for potential use in the treatment of a variety of disease including cancer, 



WO 00/46247 PCT/US00/03037 
9 

inflammatory diseases, and osteoporosis, along with other bone disorders. The altered 
expression pattern in a multitude of tissues, as disclosed herein, suggests that M68 
and its ligand may play a role in cancer by binding to its ligand and blocking 
apoptotic cell death induced by such a ligand. This anti-apoptotic role of M68 
suggests that modulators of M68 will be useful in treatment of apoptosis-related 
diseases disclosed herein. 

Therefore, the present invention relates to methods of using DNA molecules 
which express human M68 which are useful in identifying modulators of M68 or 
competing ligands or receptors. An antagonist of M68 will be useful to prevent or 
inhibit tumorgenesis, especially tumorgenesis effected by interaction of molecules 
involved in apoptosis in such cancers as cancers of the colon, esophagus, rectum and 
stomach. Therefore, an antagonist of M68 activity (i.e., antagonizing binding of 
soluble M68 to its ligand and preventing subsequent receptor binding by the ligand) 
would also be useful in other diseases associated with an increase in cell survival (i.e., 
a decrease or inhibition of apoptosis). A compound which acts as an agonist of M68 
activity will be useful in the treatment of diseases in which an excessive or 
inappropnate apoptosis was induced by its ligand. These diseases include but are not 
limited to autoimmune diseases (such as systemic lupus erythaematosus, Hashimoto's 
thyroiditis, Graves' disease, idiopathic myxoedema, autoimmune diabetes), 
inflammation or tissue damage, including indications for the central nervous system 
such as excitotoxic injury, global ischemia and spinal cord transection, multiple 
sclerosis, Alzheimer's disease, Parkinsons disease as well as ischemic injury 
associated with myocardial infarction, stroke, repurfusion injury, pulmonary fibrosis, 
heart failure, atherosclerosis; thrombotic thrombocytopenic purpura, multiple 
sclerosis, liver diseases (acute and chronic hepatitis, cirrhosis), autoimmune gastritis, 
ulcerative colitis, glomerulonephritis and aplastic anaemia and myelodisplastic 
syndromes, (see Maggi et al, 1998, Pharmacological Research 38(1): 1-34, especially 
Table III). Therefore, a disease or disorder which is affected by a pathological 
incidence concerning an increase or decrease in apoptotic activity would be a possible 
candidate for treatment with the appropriate modulator of M68 activity. 

Other potential uses of the components disclosed herein include but are not 
limited stimulation of cellular differentiation, regulation of immune responses, and 
regulation of inflammation. Also, the nucleic acid molecules disclosed herein may be 
used in various diagnostic protocols to measure M68 expression and/or mutation in 
regard to various cancers, including but not limited to colon, esophagus, rectum and 
stomach cancer. The DNA molecules disclosed herein may also be uses as a gene 
therapy vehicles, wherein in vivo expression will result in increase levels of the M68 
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protein, which in turn will combat excess cellular apoptosis associated with the 
maladies mentioned above. 

Therefore, the M68 protein is a member of a family of proteins which have 
roles in immune responses, cell death, cell proliferation and differentiation, resulting 
in testing for potential use in the treatment of a variety of disease including cancer, 
inflammatory diseases, and osteoporosis, as well as other bone disorders . The altered 
expression pattern in a multitude of tissues, as disclosed herein, suggests that M68 
and its ligand may be used for cancer treatment. 

The present invention relates to the human gene and isolated cDNA which 
encodes a protein belonging to the TNFR family. The discovery of this gene was 
achieved through the identification of sequence similarity between an EST in database 
and osteoprotegrin (OPG) followed by full length retrieving and sequencing. The 
mRNA expression pattern of M68 is examined in multiple human normal and disease 
tissues. An elevated expression of its mRNA is observed in one third of colon, 
esophagus, rectum and stomach tumors examined, suggesting a role for M68 in 
cancer. 

The present invention relates to an isolated nucleic acid molecule 
(polynucleotide) which encodes human M68. The nucleic acid molecules of the 
present invention are substantially free from other nucleic acids. For most cloning 
purposes, DNA is a preferred nucleic acid. 

The present invention relates to an isolated nucleic acid molecule 
(polynucleotide) which encodes mRNA which expresses a novel human M68, this 
DNA molecule comprising the nucleotide sequence disclosed herein as SEQ ID NO:l, 
shown herein as follows: 

CTGACCACTG CAAAGCCAGA GGACTTCCCC CTGCTGCACA GGTTCAGCAT GTTTGTGCGT 
CCACACCACA AGCAGCGCTT CTCACAGACG TGCACAGACC TGACCGGCCG GCCCTACCCG 
GGCATGGAGC CACCGGGACC CCAGGAGGAG AGGCTTGCCG TGCCTCCTGT GCTTACCCAC 
AGGGCTCCCC AACCAGGCCC CTCACGGTCC GAGAAGACCG GGAAGACCCA GAGCAAGATC 
TCGTCCTTCC TTAGACAGAG GCCAGCAGGG ACTGTGGGGG CGGGCGGTGA GGATGCAGGT 
CCCAGCCAGT CCTCAGGACC TCCCCACGGG CCTGCAGCAT CTGAGTGGGG CCTCTAGGAT 
GTGCCCAGCC TGCCACACCG C CTCC AGGAA GCAGAGCGTC ATGCAGGTCT TCTGGCCGGA 
GCCCCACAAG GACCATGAGG GCGCTGGAGG GGCCAGGCCT GTCGCTGCTG TGCCTGGTGT 
TGGCGCTGCC TGCCCTGCTG CCGGTGCCGG CTGTACGCGG AGTGGCAGAA ACACCCACCT 
ACCCCTGGCG GGACGCAGAG ACAGGGGAGC GGCTGGTGTG CGCCCAGTGC CCCCCAGGCA 
CCTTTGTGCA GCGGCCGTGC CGCCGAGACA GCCCCACGAC GTGTGGCCCG TGTCCACCGC 
GCCACTACAC GCAGTTCTGG AACTACCTGG AGCGCTGCCG CTACTGCAAC GTCCTCTGCG 
GGGAGCGTGA GGAGGAGGCA CGGGCTTGCC ACGCCACCCA CAACCGTGCC TGCCGCTGCC 
GCACCGGCTT CTTCGCGCAC GCTGGTTTCT GCTTGGAGCA CGCATCGTGT CCACCTGGTG 
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CCGGCGTGAT 


TGCCCCGGGC 


ACCCCCAGCC 


AGAACACGCA 


GTGCCAGCCG 


TGCCCCCCAG 


GCACCTTCTC 


AGCCAGCAGC 


TCCAGCTCAG 


AGCAGTGCCA 


GCCCCACCGC 


AACTGCACGG 


CCCTGGGCCT 


GGCCCTCAAT 


GTGCCAGGCT 


CTTCCTCCCA 


TGACACCCTG 


TGCACCAGCT 


GCACTGGCTT 


CCCCCTCAGC 


ACCAGGGTAC 


CAGGAGCTGA 


GGAGTGTGAG 


CGTGCCGTCA 


TCGACTTTGT 


GGCTTTCCAG 


GACATCTCCA 


TCAAGAGGCT 


GCAGCGGCTG 


CTGCAGGCCC 


TCGAGGCCCC 


GGAGGGCTGG 


GGTCCGACAC 


CAAGGGCGGG 


CCGCGCGGCC 


TTGCAGCTGA 


AGCTGCGTCG 


GCGGCTCACG 


GAGCTCCTGG 


GGGCGCAGGA 


CGGGGCGCTG 


CTGGTGCGGC 


TGCTGCAGGC 


GCTGCGCGTG 


GCCAGGATGC 


C CGGGCTGG A 


GCGGAGCGTC 


CGTGAGCGCT 


TCCTCCCTGT 


GCACTGATCC 


TGGCCCCCTC 


TTATTTATTC 


TACATCCTTG 


GCACCCCACT 


TGCACTGAAA 


GAGGCTTTTT TTTAAATAGA AGAAATGAGG TTTCTTAA (SEQTDNO:!). 



The above-exemplified isolated DNA molecule, shown in Figure 1A-B and set 
forth as SEQ ID NO:l, contains 1428 nucleotides. This DNA molecule contains an 
open reading frame from nucleotide 435 to nucleotide 1334, with a "TGA" 
termination codon from nucleotides 1335-1337 (Figure 2A-B). This open reading 
frame encodes a human M68 (Figure 3, SEQ ID NO:3 and Figure 4, SEQ ID NO:4), 
which shares homology to human osteoprotegrin and TNFR2. The M68 protein 
contains an open reading frame of 300 amino acids in length, as shown in Figure 2 
and as set forth in SEQ ID NO:3. 

The present invention also relates to an isolated DNA molecule which encodes 
an alternatively spliced form from SEQ ID NO:2, which is as follows: 



GCAGGGTCCT 


GTGTCCGCGC 


TGAGCCGCGC 


TCTCCCTGCT 


CCAGCAAGGA 


CCATGAGGGC 


GCTGGAGGGG 


CCAGGCCTGT 


CGCTGCTGTG 


CCTGGTGTTC 


GCGCTGCCTG 


CCCTGCTGCC 


GGTGCCGGCT 


GTACGCGGAG 


TGGCAGAAAC 


ACCCACCTAC 


CCCTGGCGGG 


ACGCAGAGAC 


AGGGGAGCGG 


CTGGTGTGCG 


CCCAGTGCCC 


CCCAGGCACC 


TTTGTGCAGC 


GGCCGTGCCG 


CCGAGACAGC 


CCCACGACGT 


GTGGCCCGTG 


TCCACCGCGC 


CACTACACGC 


AGTTCTGGAA 


CTACCTGGAG 


CGCTGCCGCT 


ACTGCAACGT 


CCTCTGCGGG 


GAGCGTGAGG 


AGGAGGCACG 


GGCTTGCCAC 


GCCACCCACA 


ACCGTGCCTG 


CCGCTGCCGC 


ACCGGCTTCT 


TCGCGCACGC 


TGGTTTCTGC 


TTGGAGCACG 


CATCGTGTCC 


ACCTGGTGCC 


GGCGTGATTG 


CCCCGGGCAC 


CCCCAGCCAG 


AACACGCAGT 


GCCAGCCGTG 


CCCCCCAGGC 


ACCTTCTCAG 


CCAGCAGCTC 


CAGCTCAGAG 


CAGTGCCAGC 


CCCACCGCAA 


CTGCACGGCC 


CTGGGCCTGG 


CCCTCAATGT 


GCCAGGCTCT 


TCCTCCCATG 


ACACCCTGTG 


CACCAGCTGC 


ACTGGCTTCC 


CCCTCAGCAC 


CAGGGTACCA 


GGAGCTGAGG 


AGTGTGAGCG 


TGCCGTCATC 


GACTTTGTGG 


CTTTCCAGGA 


CATCTCCATC 


AAGAGGCTGC 


AGCGGCTGCT 


GCAGGCCCTC 


GAGGCCCCGG 


AGGGCTGGGG 


TCCGACACCA 


AGGGCGGGCC 


GCGCGGCCTT 


GCAGCTGAAG 


CTGCGTCGGC 


GGCTCACGGA 


GCTCCTGGGG 


GCGCAGGACG 


GGGCGCTGCT 


GGTGCGGCTG 


CTGCAGGCGC 


TGCGCGTGGC 


CAGGATGCCC 


GGGCTGGAGC 


GGAGCGTCCG 


TGAGCGCTTC 


CTCCCTGTGC 


ACTGATCCTG 


GCCCCCTCTT 


ATTTATTCTA 


CATCCTTGGC 


ACCCCACTTG 


CACTGAAAGA 


GGCTTTTTTT 


TAAATAGAAG 


AAATGAGGTT 


TCTTAAAAAA 


AAAAAAAAAA 


aaaaaa(SEQ ID NO:2). 
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The M68E clone (SEQ ID NO:2) represents a cDNA molecule which encodes an 
alternatively spliced form of M68 at 5UTR. The PCR primers for cloning was 
derived from this clone. The nucleotides in italics (1-44) represent nucleotides which 
are different than the isolated clone as set forth in SEQ ID NO: 1. The open reading 
frame is as disclosed in SEQ ID NOs:3 and 4, with the initiating Met underlined. 

The present invention also relates to isolated DNA molecules which comprise 
a genomic sequence which comprises the gene which expressing an mRNA which is 
translated into the M68 protein. 

The human genomic sequence for M68 was isolated by screening "down to the 
well" human BAC clones (Genome Systems) using two pairs of primers derived from 
M68 cDNA sequence, following manufacture suggested protocols. Human bac 
clonesl68jl0 and 186gl5 were identified. Clone 168jl0 was chosen for sequencing 
and a partial sequence from 168j 10 is disclosed herein as SEQ ID NO:5: 

CCCCCCACATCACTTTGGTTCTCTGGCGGGTCAGCTTGGCTCAGTGCACTCAAGGTCGGGTGCCCCTGC 
CACTGGCTGCGCTTGAGGCTGGCCTTTCTCCAGGAATGTGCTGCGGGTGGAACCCAGGTTCCTTCTTCC 
TTGGGGCCTTTTGCCCCAGAAGCCCATAATTCCTCAGGCCAACCCGAAATTTTCTCCCTGCTTCCTGCT 
GGGAGCCATTCCCCTCTTCCTGCCCATCCCTGCCCTTCAGGCCCCTGGAGTGAGCTCCAGGTGCAGGCA 
CCAGGCACCTGTGTCCCCTTCCTGCCAGCCCCTCGCTGTGGTCGGACTGTCTTCCCTGGACCTGCTCTT 
ACAAGTCACCACCTGCGAGCCTCATGAGCCGCTGGTGTGACTTGGACAGGACCAAGTTGTGGCACTGTC 
ACCGGGGTGTGCTGTGCCCCCCTCCCCCGACCTCCATCTTGGCTCAGGGCTCCTTGGGACCATCTTCCC 
TGTGCGTCCAGGTGCTTTGGGACCCCAGAGTGTGTGGTTGGGGTCTGTGTGTGGTTGTGAGCTGTGTCC 
TCCTCAGGCCCACAGCTGCTCCACCCTGTCCCTCCTGTCTGAGAAGAGGCCGGCAGAAGAACCGCGAGG 
AGGGAGGAAGAAGATCCGGCTGGTCAGCCACCCGGTGCGTGAGCTGTCCCTGCACCTGTGCCGACCACC 
ATAGACACGCATGGGAACGCAGCCGTGGGTGCCCCCAGCCACGGCTGGTCCCGATGGGACCAGGGAATC 
CACCCCCAGGAGCTGATGTCCAGGGCAGCTGTGATGCTGACGGCCAGGGGCTCAAGTGTGTGGTTTCTT 
CTGCAGGGGGCTCATGAGTCCCAGCTGGAATCAGGCCCCACCCTTGGGCAGGTTTGGCATGGGGCCTGC 
AGCACTGGGCTTGGCCCTGGCATTTCCCTCAAGTGTGGATGCACACCTGCCTCATGTGAGGGACACAGC 
CCATTCCTAGCCTTGGATCAAAGAACGGAGTTATAGCCGGAGCCAGGAAGCCCCCTGCCTGCTGGAAAA 
CCCCAAGTGTGGCGGCCTTTGTCCATGTCCCTTGGCTTCTGGGAAGAACTGGGTGGTGCCCAGGCAGGG 
CTGGTGCCATCAGGAAGTGGGTGGCTGCTGAGGGGCCTGGGCTGGCGAGGGCCTGGGTGGGGAGTGCCT 
GGGCCGCCCCTGCCTTGGTTTCCACGTTTCCGTGTTGGTCTGGGGTGTGTAGAGAGATGGGCACTGCTC 
ATCCGGAAGCCCCTCCTTGTGCGCTGCCATCCTGGGAGCCTCAGCCGCATCCGCTGTGGGGCAGGGGGC 
TTGAGGGAGGAGGAGAGAGACGGGCCATGCAGGACCCCTGGCTTGAGGCAGAGCCAATCTACCCTTTGC 
CCATTCACTGCTCTCAGTTCCCTGCCAGCCTCTCACTGTGTGACCTCAGACGGGCCCAGCCCCACAGCT 
TTCTTCCCGCAGCCCCTCCCTATGTCCATCCAGCCAGCCAGTTTCTCAGGCAGCAGCCCCACCTCGGCA 
GTCACTGTCCCAGGGAACGCTCAATGTTCCAAGGAAGGCTCTGCAGCCCCAGGGACCAGATGATGAGGC 
TGGCCCTGATGGAGCCTCGGGCCTGTGTCCTGCAGGAGGAGCCCGTGGCTGGTGCACAGACGGACAGGG 
CCAAGCTCTTCATGGTGGCCGTGAAGCAGGAGTTGAGCCAAGCCAACTTTGCCACCTTCACCCAGGCCC 
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ACCCCAAGAAGCACAACCTGCTCCAAGGTGCCCTGGCTTGCAGAGGCCACCCACCCTGAGGGCAGTGCT 
GCCGCCGCGTGTGGGGTGGGGGCCATCTGGGTCCAAGGTGGTCTCTGTTCTCTAGAGAAAAAGGGGCAG 
ATGGGGACAGACGCCCCTTCCTCTACAGGCTTCTACCAGTTTGTGCGGCCCCACCATAAGCAGCAGTTT 
GAGGAGGTCTGTATCCAGCTGACAGGACGAGGCTGTGGCTATCGGCCTGAGCACAGCATTCCCCGAAGG 
CAGCGGGCACAGCCGGTCCTGGACCCCACTGGTAAATGGGGCCCCAGGTGGGACCCTCAGACTCCTGCG 
TGGAAGGCAGTGTGGGCCAGAGTCCTGGGCTGCTTGGGGTGGGCATCCTCGGGCCCTGCTTGGCCCCGC 
CTCTCTGTTCCCCTATGGGAGTGATGGGGGCCTCCACCTCCACCACCAGCACCAGCAGCACCACCTCCA 
CCTTCACCACCACCACCTCCACCACCACCACCTCCACCACCTCCACCTCCACCACCTCCACCACCTCCA 
CCACCTCCACCACCACCACCACCTCCACCACCACCACCACCACCACCTCCACCACCACCACCACCACCA 
CCACCTCCACCTCCACCACCTCCACCACCTCCACCACCACCACCACCACCACCACCTCCACCACCACCA 
CCTCCACCACCACCTCCACCACCACCTCCACCTCCACCACCACCACCTGCACCACCACCTCCACCTCCA 
CCACCACCACCACCTCCACCTCCACCAGCAGCAGCATCACTTGTTGGGGAGACCCTGTGCAACTCCATG 
CACAGCCCTGTCCCTGCCATAGCCCCGACCCCTAAGCACAGCCCTGTCCAACTGCCACACGTCCCCTGC 
CTCCCATGCATGGTCCTGGGGGGTCAACTGCACACGCCAGGGTCCTAGGGTCCTAGACCCCTGTCCTCC 
CTGTTTCTGCCTCTGTTTGGGGTGGAGTCCAAGTCTCCAGAGGCGGAAGCATCTGTGTTCGTGTGTTAA 
TGAACAGCCCCTACAGAGTTCCCCTAGTTCACCCAGGGGGGAACCTAGCCTGTTGGGACGACCCCAGAT 
CCCTTCTGGGCTTGGTACTCACTGGGATATCCTCATGCCTGCACCCAGCCTACGGCTCTGAGCTCCTGA 
GTGGGGCTTTGGCCTGCCCGCCACTGTTCCAGCCCCCATCCAGCAGGCTGGTGTCTCCTCTGATGCCCC 
CAGCACCCAGGCGTGTACCTGCCTGGGTTTTCCCGCCCTGGTCTGAGGTGGGTGAGGCCTGGCCTCCCT 
AGCCAGCCCTGCCCCCCCACCCCAGGGAACTTTCCAGATGCTCCCGACCAGCTTTGTGGCTCTACATCT 
CTTCATCAGGAAGAACGGCGCCGGATCCCAAGCTGACCGTGTCCACGGCTGCAGCCCAGCAGCTGGACC 
CCCAAGAGCACCTGAACCAGGGCAGGCCCCACCTGTCGCCCAGGCCACCCCCAACAGGTAGCTGACTCC 
TGAACCGTGTGCAGCCTACGACTTGGTGGGTCCCTCAGTGGCTTCACGAGGCTAACTCTTGAGTGTGGC 
CGGGGCTGCCCCTGTGGGGAGCCATCTCATGGTGGGGACTGCTCCCGGTTCTGCACCCCGCAGTTGTCC 
TGAGCAGCTCTCCAGGAGTTCCTGGAGGAAGGGCGGGCAGGGCGGTGGGACTCTCAGTCCTCCACCCCA 
GCGCCACTCTGAGCCATGCTACTCCCACACCAGGAGACCCTGGCAGCCAACCACAGTGGGGGTCTGGAG 
TGCCCAGAGCAGGGAAGCAGGGCCAGCACGCCGTGAGCGCCTACCTGGCTGATGCCCGCAGGGCCCTGG 
GGTCCGCGGGCTGTAGCCAACTCTTGGCAGCGCTGACAGCCTATAAGCAAGACGACGACCTCGACAAGG 
TGCTGGCTGTGTTGGCCGCCCTGACCACTGCAAAGCCAGAGGACTTCCCCCTGCTGCACAGCAAGTGGC 
CCTGGCGTGGGGAACAGCCGGTGGGGTGGGGGGCAGGGGACAAAATGGGGGCTGTGCCGGGTCTGATTG 
AAGCTCCCCGCAGGGTTCAGCATGTTTGTGCGTCCACACCACAAGCAGCGCTTCTCACAGACGTGCACA 
GACCTGACCGGCCGGCCCTACCCGGGCATGGAGCCACCGGGACCCCAGGAGGAGAGGCTTGCCGTGCCT 
CCTGTGCTTACCCACAGGGCTCCCCAACCAGGTAGGGCACCTGCCTGGCTGCTCCTGGCAGCGCCCCAA 
CCGCACGCAGCCCTGGGAGTGAGCAGCAAAGCCCCAGGCCCCCCTCAGACTCAAGTCTCTGTCTCCAGG 
CCCCTCACGGTCCGAGAAGACCGGGAAGACCCAGAGCAAGATCTCGTCCTTCCTTAGACAGAGGCCAGC 
AGGGACTGTGGGGGCGGGCGGTGAGGATGCAGGTCCCAGCCAGTCCTCAGGACCTCCCCACGGGCCTGC 
AGCATCTGAGTGGGGTGAGCCTCATGGGAGAGACATCGCTGGGCAGCAGGCCACGGGAGCTCCGGGCGG 
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GCCCCTCTCAGCAGGCTGTGTGTGCCAGGGCTGTGGGGCAGAGGACGTGGTGCCCTTCCAGTGCCCTGC 
CTGTGACTTCCAGCGCTGCCAAGCCTGCTGGCAACGGCACCTTCAGGTTGGTGCCTGGCCACTACAGTT 
CCTGCTGGGTGTAGCCCCAGGTGATGGGCTGAGGGGGAAAGGGCAGGCCCTTGTCCTGGTGGCAACGCC 
TGGCAGACGTGTGCAGTGGGCCGGTTGTCTCACAGGCCTCTAGGATGTGCCCAGCCTGCCACACCGCCT 
CCAGGAAGCAGAGCGTCATGCAGGTCTTCTGGCCAGAGCCCCAGTGAGTGCCCACGGAGGCCCCCAGCA 
CACCCAACGTGGCTTGATCACCTGCCTGTCCAGCTCTGGTGGGCCAAGAACCCACCCAACAGAATAGGC 
CAGCCCATGCCAGCCGGCTTGGCCCGCTGCAGGCCTCAGGCAGGCGGGGCCCATGGTTGGTCCCTGCGG 
TGGGACC GGATC TGGGCC TGCCTC TGAGAAGCCCTGAGCTAC CTTGGGGTC TGGGGTGGGTTTC TGGGA 
AAGTGCTTCCCCAGAACTTCCCTGGCTCCTGGCCTGTGAGTGGTGCCACAGGGGCACCCCAGCTGAGCC 
CCTCACCGGGAAGGAGGAGACCCCCGTGGGCACGTGTCCACTTTTAATCAGGGGACAGGGCTCTCTAAT 
AAAGCTGCTGGCAGTGCCCAGGACGGTGTCTTCGTGGCCTGGGCTTGGTGGTGGGAGTTGAGGGACAGG 
GAGTTGGCAGAGGCCCCTCCCAGCCTGCCATGTGACACTGTACTTCCTCCACGGTGGGCTCAGCCCTGC 
CCTCATCCTCACAGCCGCAGCCAAGCTGCAGTTGGTAGGGGATCCACCGACACACCAGGCTGCCTGGGC 
TGGTCTCTGGGTTGGGAGCTGCCCCAGGTGCTGAGGAGGGCAGCTCCCTGGCTGGTGAGGCCCCTCCCA 
GAACCACCCTTGGACTGAGCTCTGGGGAGGGATGGTACCAGGTGGGTGAGGGGGGCTGCCTGGGGAGGG 
AGGGGTTCCTATGGGGCGTGGCGAGGCTGGCCCAGCCCTCTCCCCGCCCATATATGTAGGGCAGCAGCA 
GGATGGGCTTCTGGACTTGGGCGGCCCCTCCGCAGGCGGACCGGGGGCAAAGGAGGTGGCATGTCGGTC 
AGGCACA GCAGGGTCCTGTGTCCGCGCTGAGCCGCGCTCTCCCTGCTCCAGCAAGGACCATGAGGGCGC 
TGGAGGGGCCAGGCCTGTCGCTGCTGTGCCTGGTGTTGGCGCTGCCTGCCCTGCTGCCGGTGCCGGCTG 
TACGCGGAGTGGCAGAAACACCCACCTACCCCTGGCGGGACGCAGAGACAGGGGAGCGGCTGGTGTGTG 
CCCAGTGCCCCCCAGGCACCTTTGTGCAGCGGCCGTGCCGCCGAGAC AG CCCCACGACGTGTGGCCCGT 
GTCCACCGCGCCACTACACGCAGTTCTGGAACTACCTGGAGCGCTGCCGCTACTGCAACGTCCTCTGCG 
GGGAGCGTGAGGAGGAGGCACGGGCTTGCCACGCCACCCACAA C CGCGCCTGCCGCTGCCGCACCGGCT 
TCTTCGCGCACGCTGGTTTCTGCTTGGAGCACGCATCGTGTCCACCTGGTGCCGGCGTGATTGCCCCGG 
GTGAGAGCTGGGCGAGGGGAGGGGCCCCCAGGAGTGGTGGCCGGAGGTGTGGCAGGGGTCAGGTTGCTG 
GTCCCAGCCTTGCACCCTGAGCTAGGACACCAGTTCCCCTGACCCTGTTCTTCCCTCCTGGCTGCAGGC 
ACCCCCAGCCAGAACACGCAGTGCCAGCC GT GCCCCCCAGGCACCTTCTCAGCCAGCAGTTCCAGCTCA 
GAGCAGTGCCAGCCCCACCGCAACTGCACGGCCCTGGGCCTGGCCCTCAATGTGCCAGGCTCTTCCTCC 
CATGACACGCTGTGCACCAGC TG CACTGGCTTCCCCCTCAGCACCAGGGTACCAG GTGAGCCAGAGGCC 
TGAGGGGGCAGCACACTGCAGGCCAGGCCCACTTGTGCCCTCACTCCTGCCCCTGCACGTGCATCTAGC 
CTGAGGCATGCCAGCTGGCTCTGGGAAGGGGCCACAGTGGATTTGAGGGGTCAGGGGTCCCTCCACTAG 
ATCCCCACCAAGTCTGCCCTCTCAGGGGTGGCTGAGAATTTGGATCTGAGCCAGGGCACAGCCTCCCCT 
GGGGAGCTCTGGGAAAGTGGGCAGCAATCTCCTAACTGCCCGAGGGGAAGGTGGCTGGCTCCTCTGACA 
CGGAGAAACCGAGGCCTGATGGTAACTCTCCTAACTGCCTGAGAGGAAGGTGGCTGCCTCCTCTGACAT 
GGGGAAACCGAGGCCCAATGTTAACCACTGTTGAGAAGTCACAGGGGGAAGTGACCCCCTTAACATCAA 
GTCAGGTCCGGTCCATCTGCAGGTCCCAACTCGCCCCTTCCGATGGCCCAGGAGCCCCAAGCCCTTGCC 
TGGGCCCCCTTGCCTCTTGCAGCCAAGGTCCGAGTGGCCACTCCTGCCCCCTAGGCCTTTGCTCCAGCT 
CTCTGACCGAAGGCTCCTGCCCCTTCTCCAGTCCCCATCGTTGCACTGCCCTCTCCAGCACGGCTCACT 
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GCCAGTGTGTGTGGGTGAAATGATCGGACCGCTGCCTCCCCACCCCACTGCAG GAGCTGAGGAGTGTGA 
GCGTGCCGTCATCGACTTTGTGGCTTTCCAGGACATCTCCATCAAGAGGCTGCAGCGGCTGCTGCAGGC 
CCTCGAGGCCCCGGAGGGCTGGGGTCCGACACCAAGGGCGGGCCGCGCGGCCTTGCAGCTGAAGCTGCG 
TCGGCGGCTCACGGAGCTCCTGGGGGCGCAGGACGGGGCGCTGCTGGTGCGGCTGCTGCAGGCGCTGCG 
CGTGGCCAGGATGCCCGGGCTGGAGCGGAGCGTCCGTGAGCGCTTCCTCCCTGTGCACTGATCCTGGCC 
CCCTCTTATTTATTCTACATCCTTGGCACCCCACTTGCACTGAAAGAGGCTTTTTTTTAAATAGAAGAA 
ATGAGGTTTCTTAAA GCTTATTTTTATAAAGCTTTTTCATAAAACTGGTTGTAGTTGCACAGCTACTGG 
GAGGGCAGCCGGGGACACCTGAGCCGCCCGCTGTGCCCAGATCCCTCAGGCTGCCTGCCATCAGAACTG 
CTGCCCGGGGCTTCCCCTACCTCAGACAGACCCTCCCTGGGAGGATCAGTGGGGAGTGCCACCTCTGCC 
CCCAGTGGCTGTGGCACGTGGCAGGGGCCCCTGAAGCTCAGCGAGGGTCAGGGCCTGGGAG (SEQ 

ID NO:5). 

Three coding exons are underlined and the starting ATG and stop codon are in bold 
and underlined. There are additional four exons for the cDNA sequence with the 5' 
UTR, from nucleotide 3747-3786, 3878-4033, 4140-4292 and 4590-4666 of SEQ ID 
NO:5. The genomic clone of the present invention is useful in, for example, mutation 
scanning and gene amplification studies. Regarding mutation scanning, PCR primers 
can be designed based on the genome sequence and used to identify polymorphism in 
related disease samples such as autoimmune disease. There are three coding exons 
for M68 separated by two small introns. In gene amplification studies, PCR primers 
can be designed based on the genome sequence and used to examine gene 
amplification with DNA derived from human cancer. Alternatively, probes can be 
made from the genomic sequence for the purpose of carrying out in situ hybridization 
or southern or dot count hybridization. Another preferred aspect for utilization of the 
coding sequences disclosed herein as SEQ ID NO:5 comprises the use of non-coding 
regulatory regions of this gene which are involved in regulation of M68 gene 
expression in various assays to select for modulators of M68 expression and/or 
activity. Therefore, non-coding regions are useful in assays to identify regulatory 
element/factors for M68 transcription and thus to further identify reagents that 
modulate M68 expression. Such modulators will be especially useful to treat diseases 
where M68 expression is abnormal. This is especially meaningful, and therefore is a 
core to the present invention, in view of the fact that this inventor shows that M68 is 
overexpressed in GI cancer independent of gene amplification, as opposed to a 
mechanism of M68 overexpression dependent upon M68 gene amplification, which in 
turn would not suggest involvement of ci's-acting sequences or fran.v-acting factors in 
the abnormal expression of M68 and concomitant effect in various cancers. 

The present invention also relates to biologically active fragments or mutants 
of SEQ ID NOT which encode mRNA expressing M68. Any such biologically active 
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fragment and/or mutant will encode either a protein or protein fragment which at least 
substantially mimics the pharmacological properties of human M68 protein, including 
but not limited to the human M68 receptor protein as set forth in SEQ ID NO:3 and 
SEQ ID NO:4. Any such polynucleotide includes but is not necessarily limited to 
nucleotide substitutions, deletions, additions, amino-terminal truncations and carboxy- 
terminal truncations such that these mutations encode mRNA which express a protein 
or protein fragment of diagnostic, therapeutic or prophylactic use and would be useful 
for screening for agonists and/or antagonists for M68 function. 

A preferred aspect of this portion of the present invention is disclosed in 
Figure 1A-B, a cDNA molecule encoding human M68 (SEQ ID NO:l). 

Another preferred aspect of this portion of the present invention is disclosed 
herein and set forth as SEQ ED NO:2, a human cDNA molecule which comprises a 
different 5UTR. 

Another preferred aspect of this portion of the present invention is disclosed 
herein and set forth as SEQ ID NO:5, which comprises an isolated genomic clone 
encoding human M68. 

The isolated nucleic acid molecules of the present invention may include a 
deoxyribonucleic acid molecule (DNA), such as genomic DNA and complementary 
DNA (cDNA), which may be single (coding or noncoding strand) or double stranded, 
as well as synthetic DNA, such as a synthesized, single stranded polynucleotide. The 
isolated nucleic acid molecule of the present invention may also include a ribonucleic 
acid molecule (RNA). 

The degeneracy of the genetic code is such that, for all but two amino acids, 
more than a single codon encodes a particular amino acid. This allows for the 
construction of synthetic DNA that encodes the M68 protein where the nucleotide 
sequence of the synthetic DNA differs significantly from the nucleotide sequence of 
SEQ ID NOs: 1, 2 and 5, but still encodes the same M68 protein as SEQ ID NOs: 1, 2 
and 5. Such synthetic DNAs are intended to be within the scope of the present 
invention. If it is desired to express such synthetic DNAs in a particular host cell or 
organism, the codon usage of such synthetic DNAs can be adjusted to reflect the 
codon usage of that particular host, thus leading to higher levels of expression of M68 
protein in the host. In other words, this redundancy in the various codons which code 
for specific amino acids is within the scope of the present invention. Therefore, this 
invention is also directed to those DNA sequences which encode RNA comprising 
alternative codons which code for the eventual translation of the identical amino acid, 
as shown below: 

A=Ala=Alanine: codons GCA, GCC, GCG, GCU 
C=Cys=Cysteine: codons UGC, UGU 
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D=Asp=Aspartic acid: codons GAC, GAU 
E=Glu=Glutamic acid: codons GAA, GAG 
F=Phe=Phenylalanine: codons UUC, UUU 
G=GIy=Glycine: codons GGA, GGC, GGG, GGU 
H=His =Histidine: codons CAC, CAU 
I=Ile =Isoleucine: codons AUA, AUC, AUU 
K=Lys=Lysine: codons AAA, AAG 

L=Leu=Leucine: codons UUA, UUG, CUA, CUC, CUG, CUU 
M=Met-Methionine: codon AUG 
N=Asp=Asparagine: codons AAC, AAU 
p=p ro =Proline: codons CCA, CCC, CCG, CCU 
Q=Gln=Glutaminc: codons CAA, CAG 

R=Arg=Arginine: codons AGA, AGG, CGA, CGC, CGG, CGU 
S=Ser=Senne: codons AGC, AGU, UCA, UCC, UCG, UCU 
T=Thr=Threonine: codons ACA, ACC, ACG, ACU 
V=Val=Valine: codons GUA, GUC, GUG, GUU 
W=Trp=Tryptophan: codon UGG 
Y=Tyr=Tyrosine: codons UAC, UAU. 

Therefore, the present invention discloses codon redundancy which may result in 
differing DNA molecules expressing an identical protein. For purposes of this 
specification, a sequence bearing one or more replaced codons will be defined as a 
degenerate variation. Also included within the scope of this invention are mutations 
either in the DNA sequence or the translated protein which do not substantially alter 
the ultimate physical properties of the expressed protein. For example, substitution of 
valine for leucine, arginine for lysine, or asparagine for glutamine may not cause a 
change in functionality of the polypeptide. 

It is known that DNA sequences coding for a peptide may be altered so as to 
code for a peptide having properties that are different than those of the naturally 
occurring peptide. Methods of altering the DNA sequences include but are not 
limited to site directed mutagenesis. Examples of altered properties include but are 
not limited to changes in the affinity of an enzyme for a substrate or a receptor for a 
ligand. 

The present invention also relates to recombinant vectors and recombinant 
hosts, both prokaryotic and eukaryotic, which contain the substantially purified 
nucleic acid molecules disclosed throughout this specification. The nucleic acid 
molecules of the present invention encoding M68, in whole or in part, can be linked 
with other DNA molecules, i.e, DNA molecules to which the human M68 are not 
naturally linked, to form "recombinant DNA molecules" containing the receptor. The 
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novel DNA sequences of the present invention can be inserted into vectors which 
comprise nucleic acids encoding human M68 or a functional equivalent. These 
vectors may be comprised of DNA or RNA; for most cloning purposes DNA vectors 
are preferred. Typical vectors include plasmids, modified viruses, bacteriophage, 
cosmids, yeast artificial chromosomes, and other forms of episomal or integrated 
DNA that can encode a M68 receptor protein. It is well within the skilled artisan to 
determine an appropriate vector for a particular gene transfer or other use. 

Included in the present invention are DNA sequences that hybridize to SEQ ID 
NOs: 1, 2 and 5 under stringent conditions. By way of example, and not limitation, a 
procedure using conditions of high stringency is as follows: prehybridization of filters 
containing DNA is carried out for 2 hours to overnight at 65°C in buffer composed of 
6X SSC, 5X Denhardt's solution, and 100 jtig/ml denatured salmon sperm DNA. 
Filters are hybridized for 12 to 48 hours at 65°C in prehybridization mixture 
containing 100 /ig/ml denatured salmon sperm DNA and 5-20 X 10^ cpm of P- 
labeled probe. Washing of filters is done at 37°C for 1 hour in a solution containing 
2X SSC, 0.1% SDS. This is followed by a wash in 0.1X SSC, 0.1% SDS at 50°C for 
45 minutes before autoradiography. Other procedures using conditions of high 
stringency would include either a hybridization step earned out in 5XSSC, 5X 
Denhardt's solution, 50% formamide at 42°C for 12 to 48 hours or a washing step 
carried out in 0.2X SSPE, 0.2% SDS at 65°C for 30 to 60 minutes. Reagents 
mentioned in the foregoing procedures for carrying out high stringency hybridization 
are well known in the art. Details of the composition of these reagents can be found 
in, e.g., Sambrook et al., 1989, Molecular Cloning: A Laboratory Manual; Cold 
Spring Harbor Laboratory, Cold Spring Harbor, New York. In addition to the 
foregoing, other conditions of high stringency which may be used are well known in 
the art. 

The present invention also relates to isolated nucleic acid molecules which arc 
fusion constructions expressing fusion proteins useful in assays to identify compounds 
which modulate wild-type vertebrate M68 activity. A preferred aspect of this portion 
of the invention includes, but is not limited to, glutathione S-transferase (GST)-M68 
fusion constructs which include, but are not limited to, a portion of the soluble human 
M68 protein as an in-frame fusion at the carboxy terminus of the GST gene by 
methods known to one of ordinary skill in the art. Recombinant GST-M68 fusion 
proteins may be expressed in various expression systems, including Spodoptera 
frugiperda (Sf21) insect cells (Invitrogen) using a baculovirus expression vector 
(pAcG2T, Pharmingen). Since M68 is a secreted protein, two preferred modes for 
conducting assays to screen for modulators of M68 activity and/or expression exist. 
First, M68 or an M68-compound complex may by purified and prebound to a solid 
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matrix ( e.g., through antiM68 antibodies or a epitope fusion like GST or Fc). 
Second, the recombinant M68 protein may be expressed as a fusion protein which 
comprises a transmembrane domain, thus allowing the binding assay to be carried out 
in intact functional cells transformed or transfected with the M68-containing fusion 
construct. Alternatively, the binding assay may be run with crude or purified 
membrane preparations generated from these same cells transfected with the M68- 
containing fusion gene of interest. 

The present invention also relates to a substantially purified form of the human 
M68 receptor protein, which comprises the amino acid sequence disclosed in Figure 3 
and as set forth in SEQ ID NO:3, as well as Figure 4 and SEQ ID NO:4. 

The present invention also relates to biologically active fragments and/or 
mutants of the human M68 receptor protein comprising the amino acid sequence as 
set forth in SEQ ID NO:3 and SEQ ID NO:4, including but not necessarily limited to 
amino acid substitutions, deletions, additions, amino terminal truncations and 
carboxy-terminal truncations such that these mutations provide for proteins or protein 
fragments of diagnostic, therapeutic or prophylactic use and would be useful for 
screening for agonists and/or antagonists of M68 function. 

An aspect of the present invention is disclosed in Figure 3 and is set forth as 
SEQ ID NO:3 in three letter code, and as herein set forth as follows in one letter code: 

MRALEGPGLS LLCLVLALPA LLPVPAVRGV AETPTYPWRD AETGERLVCA QCPPGTFVQR 
PCRRDSPTTC GPCPPRHYTQ FWNYLERCRY CNVLCGEREE EARACHATHN RACRCRTGFF 
AHAGFCLEHA SCPPGAGVIA PGTPSQNTQC QPCPPGTFSA SSSSSEQCQP HRNCTALGLA 
LNVPGSSSHD TLCTSCTGFP LSTRVPGAEE CERAVIDFVA FQDISIKRLQ RLLQALEAPE 
GWGPTPRAGR AALQLKLRRR LTELLGAQDG ALLVRLLQAL RVARMPGLER SVRERFLPVH 

(SEQ ID NO:3), which comprises the amino acid sequence of wild type human M68 
receptor protein. 

An aspect of the present invention is disclosed in Figure 4 and is set forth as 
SEQ ID NO:4 in three letter code, and as herein set forth as follows in one letter code: 

VAETPTYPWR DAETGERLVC AQCPPGTFVQ RPCRRDSPTT CGPCPPRHYT QFWNYLERCR 
YCNVLCGERE EEARACHATH NRACRCRTGF FAHAGFCLEH ASCPPGAGVI APGTPSQNTQ 
CQPCPPGTFS ASSSSSEQCQ PHRNCTALGL ALNVPGSSSH DTLCTSCTGF PLSTRVPGAE 
ECERAVIDFV AFQDISIKRL QRLLQALEAP EGWGPTPRAG RAALQLKLRR RLTELLGAQD 

gallvrllqa lrvarmpgle rsvrerflpv h (SEQ ID NO:4), which comprises the 
amino acid sequence of the mature form of wild type human M68 receptor protein. 

As with many receptor proteins, it is possible to modify many of the amino 
acids of M68, particularly those which are not found in the ligand binding domain, 
and still retain substantially the same biological activity as the original receptor. Thus 
this invention includes modified M68 polypeptides which have amino acid deletions, 
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additions, or substitutions but that still retain substantially the same biological activity 
as M68. Accordingly, the present invention includes polypeptides where one amino 
acid substitution has been made in SEQ ID NOs:3 and 4 wherein the polypeptides still 
retain substantially the same biological activity as M68. The present invention also 
includes polypeptides where two or more amino acid substitutions have been made in 
SEQ ID NOs:3 and 4 wherein the polypeptides still retain substantially the same 
biological activity as M68. In particular, the present invention includes embodiments 
where the above-described substitutions are conservative substitutions. In particular, 
the present invention includes embodiments where the above-described substitutions 
do not occur in the ligand-binding domain of M68. 

When deciding which amino acid residues of M68 may be substituted to 
produce polypeptides that are functional equivalents of M68, one skilled in the art 
would be guided by a comparison of the amino acid sequence of M68 with the amino 
acid sequences of related proteins, e.g., the human osteoprotegrin as shown in 
Figure 5 of the present specification. Such a comparison would allow one skilled in 
the art to minimize the number of amino acid substitutions made in regions that are 
highly conserved between M68 and the related protein. Accordingly, the present 
invention includes embodiments where the substitutions are conservative and do not 
occur in positions where M68 and human osteoprotegrin share the same amino acid 
(again, see Figure 5). 

One skilled in the art would also recognize that polypeptides that are 
functional equivalents of M68 and have changes from the M68 amino acid sequence 
that are small deletions or insertions of amino acids could also be produced by 
following the same guidelines (i.e, minimizing the differences in amino acid sequence 
between M68 and related proteins). Small deletions or insertions are generally in the 
range of about 1 to 5 amino acids. The effect of such small deletions or insertions on 
the biological activity of the modified M68 polypeptide can easily be assayed by 
producing the polypeptide synthetically or by making the required changes in DNA 
encoding M68 and then expressing the DNA recombinantly and assaying the protein 
produced by such recombinant expression. 

The present invention also includes chimeric M68 proteins. Chimeric M68 
proteins consist of a contiguous polypeptide sequence of M68 fused in frame to a 
polypeptide sequence of a non-M68 protein. 

The present invention also includes M68 proteins that are in the form of 
multimeric structures, e.g, dimers ortrimers. 
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The present invention also relates to polyclonal and monoclonal antibodies 
raised in response to either the human form of M68, or a biologically active fragment 
thereof. The polyclonal and/or monoclonal antibodies of the present invention, 
especially M68 neutralizing antibodies (antibodies that block M68 function and/or 
block its binding with ligands), will also be useful as therapeutics to modulate M68 
expression and/or activity. In addition, the polyclonal and/or monoclonal antibodies 
of the present invention are useful as (i) diagnostics for qualitative and/or quantitative 
detection of M68 expression in a variety of immunoassays [e.g., Western blotting; 
immunohistochemistry (see Example 4) and immunoprecipitation]; and, (ii) as noted 
above, inhibition of M68 function using M68 neutralizing antibodies for the treatment 
of diseases associated with M68 overexpression such as GI cancers or inflammatory 
diseases. Antibodies that antagonize the effect of M68 (for example, inhibition of 
M68's ability to protect certain cells from apoptotic cell death or inhibition of M68's 
ability to bind to its ligand) may be administered directly by methods known in the art 
[e.g., see Antibodies in Human Diagnosis and Therapy by Raven Press, New York 
(1977)]. Monoclonal antibodies are especially preferred for the treatment of tumors 
associated with an abnormal M68 expression. For example, an M68 monoclonal 
antibody which slows the progression of a cancer associated with a increase in M68 
expression within cancer cells, and in tum may cause tumor shrinkage over time, will 
be especially useful. A useful paradigm would be the early success of Herceptin®, a 
recombinant DNA-derived humanized monoclonal antibody that selectively binds to 
the extracellular domain of the human epidermal growth factor 2 (HER2). The 
antibody is produced in CHO cells and the final product is available as a lyophilized 
powder. HER2 has been shown to be overproduced in 25-30% of primary breast 
cancers. In turn, administration of Herceptin® has been shown to inhibit the 
proliferation of tumor cells which overexpress HER2. A prospective M68 
monoclonal antibody may be "humanized" by methods well known in the art in order 
to reduce any unwanted immunological effects of human administration of the 
antibody. Alternatively, the M68-based antibody may be a chimera, most likely a 
mouse/human or rat/human chimera. In addition, any such therapeutic M68-based 
antibody may be administered alone or within a regime that includes other cancer 
therapies, such as known chemotherapeutic agents, which may act in concert to 
reduce tumor growth associated with increased M68 expression. Another example of 
the use of monoclonal antibodies to treat various cancers is Rituxin®, a recombinant 
DNA-based mouse/human chimeric monoclonal antibody which has been shown to be 
effective in treating patients with low grade B-cell non-Hodgkin's lymphoma (NHL), 
a cancer of the immune system. Rituximab targets and destroys white blood cells (B- 
cells) involved in the disease, resulting insignificant tumor shrinkage with less severe 
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side-effects than most cancer treatments. Additional monoclonal antibodies currently 
under development include (i) an anti-CD-20 monoclonal antibody to treat patients 
with low-grade lymphomas, (ii) a combination anti-EGFr antibody with doxorubicin 
in patients with hormone refractory prostate cancer as well as a combination anti- 
EGFr antibody with cisplatin in patients with head and neck and lung cancer. It may 
also be possible to administer an M68 anti-idiotype antibody so as to stimulate a host 
immune response to tumors overexpressing M68. Therefore, it is evident that M68 
antibodies, especially M68 monoclonal antibodies, are potentially useful tools, along 
or in combination with other cancer therapies, for direct therapeutic intervention of 
cancers characterized by an increase in M68 expression. 

The present invention especially relates to polyclonal and/or monoclonal antibodies 
raised against the peptides selected from the group consisting of NH 2 CRMPGLER 
SVRERFLPVH-COOH (SEQ ID NO: 12), NH 2 VAETPTYPWRDAETGERL-COOH 
(SEQ ID NO: 13), NH 2 .LEAPEGWGPTPRAGRA-COOH (SEQ ID NO: 14), and 
NH 2 -PPRHYTQFWNYLERC-COOH (SEQ ID NO: 15). M68 antibodies may be 
used directly as therapeutic agents for cancer. 

Any of a variety of procedures may be used to clone human M68. These 
methods include, but are not limited to, (1) a RACE PCR cloning technique 
(Frohman, et al., 1988, Proc. Natl. Acad. Sci. USA 85: 8998-9002). 5' and/or 3' 
RACE may be performed to generate a full-length cDNA sequence. This strategy 
involves using gene-specific oligonucleotide primers for PCR amplification of human 
M68 cDNA. These gene-specific primers are designed through identification of an 
expressed sequence tag (EST) nucleotide sequence which has been identified by 
searching any number of publicly available nucleic acid and protein databases; 

(2) direct functional expression of the human M68 cDNA following the construction 
of a human M68-containing cDNA library in an appropriate expression vector system; 

(3) screening a human M68-containing cDNA library constructed in a bacteriophage 
or plasmid shuttle vector with a labeled degenerate oligonucleotide probe designed 
from the amino acid sequence of the human M68 protein; (4) screening a human 
M68-containing cDNA library constructed in a bacteriophage or plasmid shuttle 
vector with a partial cDNA encoding the human M68 protein. This partial cDNA is 
obtained by the specific PCR amplification of human M68 DNA fragments through 
the design of degenerate oligonucleotide primers from the amino acid sequence 
known for other kinases which are related to the human M68 protein; (5) screening a 
human M68-containing cDNA library constructed in a bacteriophage or plasmid 
shuttle vector with a partial cDNA or oligonucleotide with homology to a mammalian 
M68 protein. This strategy may also involve using gene-specific oligonucleotide 
primers for PCR amplification of human M68 cDNA identified as an EST as 
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described above; or (6) designing 5' and 3' gene specific oligonucleotides using SEQ 
ID NOs: 1, 2 and 5 as a template so that either the full-length cDNA may be generated 
by known RACE techniques, or a portion of the coding region may be generated by 
these same known RACE techniques to generate and isolate a portion of the coding 
region to use as a probe to screen one of numerous types of cDNA and/or genomic 
libraries in order to isolate a full-length version of the nucleotide sequence encoding 
human M68. 

It is readily apparent to those skilled in the art that other types of libraries, as 
well as libraries constructed from other cell types-or species types, may be useful for 
isolating a human M68-encoding DNA or a human M68 homologue. Other types of 
libraries include, but are not limited to, cDNA libraries derived from other rhesus 
cells. 

It is readily apparent to those skilled in the art that suitable cDNA libraries 
may be prepared from cells or cell lines which have M68 activity. The selection of 
cells or cell lines for use in preparing a cDNA library to isolate a cDNA encoding 
human M68 may be done by first measuring cell-associated M68 activity using any 
known assay available for such a purpose. 

Preparation of cDNA libraries can be performed by standard techniques well 
known in the art. Well known cDNA library construction techniques can be found for 
example, in Sambrook et al., 1989, Molecular Cloning: A Laboratory Manual; Cold 
Spring Harbor Laboratory, Cold Spring Harbor, New York. Complementary DNA 
libraries may also be obtained from numerous commercial sources, including but not 
limited to Clontech Laboratories, Inc. and Stratagene. 

It is also readily apparent to those skilled in the art that DNA encoding human 
M68 may also be isolated from a suitable genomic DNA library. Construction of 
genomic DNA libraries can be performed by standard techniques well known in the 
art. Well known genomic DNA library construction techniques can be found in 
Sambrook, et al., supra. Genomic clones containing the M68 gene can be obtained 
from commercially available human PAC or BAC libraries, e.g., from Research 
Genetics, Huntsville, AL. Alternatively, one may prepare genomic libraries, 
especially in PI artificial chromosome vectors, from which genomic clones 
containing the M68 can be isolated, using probes based upon the M68 nucleotide 
sequences disclosed herein. Methods of preparing such libraries are known in the art 
(loannou et al.,1994, Nature Genet. 6: 84-89). 

This invention also includes vectors containing a M68 gene, host cells 
containing the vectors, and methods of making substantially pure M68 protein 
comprising the steps of introducing the M68 gene into a host cell, and cultivating the 
host cell under appropriate conditions such that M68 is produced and secreted. The 
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M68 so produced may be harvested in conventional ways. Therefore, the present 
invention also relates to methods of expressing the human M68 protein and biological 
equivalents disclosed herein, assays employing these gene products, recombinant host 
cells which comprise DNA constructs which express these receptor proteins, and 
compounds identified through these assays which act as agonists or antagonists of 
M68 activity. 

The cloned human M68 cDNA obtained through the methods described above 
may be recombinantly expressed by molecular cloning into an expression vector (such 
as pcDNA3.neo, pcDNA3.1, pCR2.1, pBlueBacHis2 or pLITMUS28) containing a 
suitable promoter and other appropriate transcription regulatory elements, and 
transferred into prokaryotic or eukaryotic host cells to produce recombinant human 
M68. Techniques for such manipulations can be found described in Sambrook, et al., 
supra, are well known and easily available to the artisan of ordinary skill in the art. 
Therefore, another aspect of the present invention includes host cells that have been 
engineered to contain and/or express DNA sequences encoding the M68. An 
expression vector containing DNA encoding a human M68-like protein may be used 
for expression of human M68 in a recombinant host cell. Such recombinant host cells 
can be cultured under suitable conditions to produce M68 or a biologically equivalent 
form. Recombinant host cells may be prokaryotic or eukaryotic, including but not 
limited to, bacteria such as E. coli, fungal cells such as yeast, mammalian cells 
including, but not limited to, cell lines of human, bovine, porcine, monkey and rodent 
origin, and insect cells including but not limited to Drosophilu and silkworm derived 
cell lines. 

For instance, one insect expression system utilizes Spodoptera frugiperda 
(Sf21) insect cells (Invitrogen) in tandem with a baculovirus expression vector 
(pAcG2T, Pharmingen). Also, mammalian species which may be suitable and which 
are commercially available, include but are not limited to, L cells L-M(TKr) (ATCC 
CCL 1.3), L cells L-M (ATCC CCL 1.2), Saos-2 (ATCC HTB-85), 293 (ATCC CRL 
1573), Raji (ATCC CCL 86), CV-1 (ATCC CCL 70), COS-1 (ATCC CRL 1650), 
COS-7 (ATCC CRL 1651), CHO-K1 (ATCC CCL 61), 3T3 (ATCC CCL 92), 
NIH/3T3 (ATCC CRL 1658), HeLa (ATCC CCL 2), C127I (ATCC CRL 1616), BS- 
C-l (ATCC CCL 26), MRC-5 (ATCC CCL 171) and CPAE (ATCC CCL 209). 

A variety of mammalian expression vectors may be used to express 
recombinant human M68 in mammalian cells. Expression vectors are defined herein 
as DNA sequences that are required for the transcription of cloned DNA and the 
translation of their mRNAs in an appropriate host. Such vectors can be used to 
express eukaryotic DNA in a variety of hosts such as bacteria, blue green algae, plant 
cells, insect cells and animal cells. Specifically designed vectors allow the shuttling 
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of DNA between hosts such as bacteria-yeast or bacteria-animal cells. An 
appropriately constructed expression vector should contain: an origin of replication 
for autonomous replication in host cells, selectable markers, a limited number of 
useful restriction enzyme sites, a potential for high copy number, and active 
promoters. A promoter is defined as a DNA sequence that directs RNA polymerase 
to bind to DNA and initiate RNA synthesis. A strong promoter is one which causes 
mRNAs to be initiated at high frequency. 

Expression vectors may include, but are not limited to, cloning vectors, 
modified cloning vectors, specifically designed plasmids or viruses. Commercially 
available mammalian expression vectors which may be suitable for recombinant 
human M68 expression, include but are not limited to, pIRES-hyg (Clontech), pIRES- 
puro (Clontech), pcDNA3.neo (Invitrogen), pcDNA3.1 (Invitrogen), pCI-neo 
(Promega), pLITMUS28, pLITMUS29, pLITMUS38 and pLITMUS39 (New England 
Bioloabs), pcDNAI, pcDNAIamp (Invitrogen), pcDNA3 (Invitrogen), pMClneo 
(Stratagene), pXTl (Stratagene), pSG5 (Stratagene), EBO-pSV2-neo (ATCC 37593) 
pBPV-l(8-2) (ATCC 37110), pdBPV-MMTneo(342-12) (ATCC 37224), pRSVgpt 
(ATCC 37199), pRSVneo (ATCC 37198), pSV2-dhfr (ATCC 37146), pUCTag 
(ATCC 37460), and 1ZD35 (ATCC 37565). 

Also, a variety of bacterial expression vectors may be used to express 
recombinant human M68 in bacterial cells. Commercially available bacterial 
expression vectors which may be suitable for recombinant human M68 expression 
include, but are not limited to pCR2.1 (Invitrogen), pETlla (Novagen), lambda gtll 
(Invitrogen), and pKK223-3 (Pharmacia). 

In addition, a variety of fungal cell expression vectors may be used to express 
recombinant human M68 in fungal cells. Commercially available fungal cell 
expression vectors which may be suitable for recombinant human M68 expression 
include but are not limited to pYES2 (Invitrogen) and Pichia expression vector 
(Invitrogen). 

Also, a variety of insect cell expression vectors may be used to express 
recombinant receptor in insect cells. Commercially available insect cell expression 
vectors which may be suitable for recombinant expression of human M68 include but 
are not limited to pBlueBacIII and pBlueBacHis2 (Invitrogen), and pAcG2T 
(Pharmingen). 

The expression vector may be introduced into host cells via any one of a 
number of techniques including but not limited to transformation, transfection, 
protoplast fusion, and electroporation. Transformation is meant to encompass a 
genetic change to the target cell resulting from an incorporation of DNA. 
Transfection is meant to include any method known in the art for introducing M68 
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into the test cells. For example, transfection includes calcium phosphate or calcium 
chloride mediated transfection, lipofection, electroporation, as well as infection with, 
for example, a viral vector such as a recombinant retroviral vector containing the 
nucleotide sequence which encodes M68, and combinations thereof. The expression 
vector-containing cells are individually analyzed to determine whether they produce 
human M68 protein. Identification of human M68 expressing cells may be done by 
several means, including but not limited to immunological reactivity with anti-human 
M68 antibodies, labeled ligand binding and the presence of host cell-associated 
human M68 activity. 

Expression of human M68 DNA may also be performed using in vitro 
produced synthetic mRNA. Synthetic mRNA can be efficiently translated in various 
cell-free systems, including but not limited to wheat germ extracts and reticulocyte 
extracts, as well as efficiently translated in cell based systems, including but not 
limited to microinjection into frog oocytes, with microinjection into frog oocytes 
being preferred. 

To determine the human M68 cDNA sequence(s) that yields optimal levels of 
human M68, cDNA molecules including but not limited to the following can be 
constructed: a cDNA fragment containing the full-length open reading frame for 
human M68 as well as various constructs containing portions of the cDNA encoding 
only specific domains of the protein or rearranged domains of the protein. All 
constructs can be designed to contain none, all or portions of the 5' and/or 3' 
untranslated region of a human M68 cDNA. The expression levels and activity of 
human M68 can be determined following the introduction, both singly and in 
combination, of these constructs into appropriate host cells. Following determination 
of the human M68 cDNA cassette yielding optimal expression in transient assays, this 
M68 cDNA construct is transferred to a variety of expression vectors (including 
recombinant viruses), including but not limited to those for mammalian cells, plant 
cells, insect cells, oocytes, bacteria, and yeast cells. 

Following expression of human M68 in a host cell, M68 protein may be 
recovered to provide M68 protein in active form. Several M68 protein purification 
procedures are available and suitable for use. Soluble, secreted recombinant M68 
protein may be purified by various combinations of, or individual application of salt 
fractionation, ion exchange chromatography, size exclusion chromatography, 
hydroxylapatite adsorption chromatography and hydrophobic interaction 
chromatography. In addition, recombinant M68 protein can be separated from other 
proteins by use of an immunoaffinity column made with monoclonal or polyclonal 
antibodies specific for full-length M68 protein, or polypeptide fragments of M68 
protein. 
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The present invention is also directed to methods for screening for compounds 
which modulate the expression of DNA or RNA encoding a human M68 protein. 
Methods for identifying agonists and antagonists of other receptors are known in the 
art and can be adapted to identify agonists and antagonists of soluble, secreted M68 
protein. The assays described herein can be carried out with cells that have been 
transiently or stably transfected or transformed with an expression vector which 
directs expression of M68 or an M68 fusion construct. It will be known that various 
cell lines may be utilized in the assays described herein. A preferred cell line may be 
a cell line which expresses a receptor (such as Fas) wherein M68 is known to compete 
for binding to the associated ligand (such as Fas ligand). Alternatively, the cell line 
may be co-transected or transformed with an expression vector which expresses the 
receptor of interest. Since M68 is a secreted protein it is also possible to use secreted 
M68 in an assay wherein effective amounts of M68 or M68 fusion protein and an 
endogenous or cloned receptor (such as Fas) is contacted with test compounds to 
assay for the ability to effect M68 binding to the expressed receptor. The receptor 
protein may be supplied as purified protein or a biologically active fragment, or as a 
whole cell, or a purified, partially purified or cell lysate based membrane preparation 
which contains the respective receptor protein. Additionally, an M68-based fusion 
construct may be generated whereby the M68 coding region, or a biologically active 
portion thereof, is fused to a transmembrane domain, allowing for binding assay to be 
carried out in intact or lysed cells transformed or transfected with the M68-containing, 
membrane associated, fusion construct. 

In other assays, preferred recombinant-based screening protocols may rely in 
part on M68 fusion constructs which include but are not limited to an epitope fusion 
such as GST or Fc, such that soluble M68 fusion protein is generated for use in 
various assays. Therefore, target cells may be transfected with expression vectors 
which express M68 or an M68 fusion protein and the transfected cells may be allowed 
to grow for a time sufficient to allow the soluble M68 receptor to be expressed and 
secreted. The M68 protein may be harvested and either transferred or precipitated and 
resuspended into an appropriate assay buffer containing a known radioactively labeled 
ligand of M68 either in the presence or the absence of the substance, and then 
measuring the binding of the radioactively labeled known ligand to M68. 

Therefore, the present invention relates to methods of expressing M68 in 
recombinant systems and of identifying modulators M68, namely the ability to 
interact with various ligands, thus affecting the respective ligand/receptor function. 
The soluble M68 receptor protein of the present invention is suitable for use in an 
assay procedure for the identification of compounds which modulate it activity (i.e., 
modulate the ability of M68 to compete with a ligand for binding to that ligands 
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respective receptor). Modulating receptor activity, as described herein includes the 
inhibition or activation of the ability of this soluble, secreted receptor protein to 
compete with a respective receptors for ligand binding) and also includes directly or 
indirectly affecting the normal regulation of the receptor activity. Compounds which 
modulate the receptor activity include agonists, antagonists and compounds which 
directly or indirectly affect regulation of the receptor activity. When screening 
compounds in order to identify potential pharmaceuticals that specifically interact 
with a target receptor, it is necessary to ensure that the compounds identified are as 
specific as possible for the target receptor. To do this, it is necessary to screen the 
compounds against as wide an array as possible of receptors that are similar to the 
target receptor. Thus, in order to find compounds that are potential pharmaceuticals 
that interact with receptor A, it is necessary not only to ensure that the compounds 
interact with receptor A (the "plus target") and produce the desired pharmacological 
effect through receptor A, it is also necessary to determine that the compounds do not 
interact with receptors B, C, D, etc. (the "minus targets"). In general, as part of a 
screening program, it is important to have as many minus targets as possible (see 
Hodgson, 1992, Bio/Technology 10:973-980, @ 980). Human M68 proteins and the 
DNA molecules encoding this receptor protein have the additional utility in that they 
can be used as "minus targets" in screens designed to identify compounds that 
specifically interact with other related receptors. 

The specificity of binding of compounds having affinity for M68 is shown by 
measuring the affinity of the compounds for recombinant cells expressing the cloned 
M68 soluble receptor from these cells. Expression of the cloned receptor and 
screening for compounds that bind to M68 or that inhibit the binding of a known, 
radiolabeled ligand of M68 to these cells provides an effective method for the rapid 
selection of compounds with high affinity for M68. Where binding of a test substance 
such as an agonist or antagonist to M68 activity is measured, such binding can be 
measured by employing a labeled substance or agonist. The substance or agonist can 
be labeled in any convenient manner known to the art, e.g., radioactively, 
fluorescently, enzymatically. However, such ligands need not necessarily be 
radiolabeled but can also be nonisotopic compounds that can be used to displace 
bound radiolabeled compounds or that can be used as activators in functional assays. 
Compounds identified by the above method are likely to be agonists or antagonists of 
M68 (again, effecting the ability of M68 to compete with a ligand for binding to that 
ligands respective receptor). Such compound may be a peptide, protein, or 
non-proteinaceous organic molecule. Compounds may modulate by increasing or 
attenuating the expression of DNA or RNA encoding human M68, or by acting as an 
agonist or antagonist of the M68 soluble receptor protein. These compounds that 
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modulate the expression of DNA or RNA encoding human M68 or the biological 
function thereof may be detected by a variety of assays. The assay may be a simple 
"yes/no" assay to determine whether there is a change in expression or function. The 
assay may be made quantitative by comparing the expression or function of a test 
sample with the levels of expression or function in a standard sample. Kits containing 
human M68, antibodies to human M68, or modified human M68 may be prepared by 
known methods for such uses. 

To this end, the present invention relates in part to methods of identifying a 
substance which modulates M68 receptor activity, which involves: 

(a) combining a test substance in the presence and absence of a M68 receptor 
protein wherein said M68 receptor protein comprises the amino acid sequence as set 
forth in SEQ ID NO:2 or SEQ ID NO:4; 

(b) incubating the test substance and the soluble M68 receptor protein in the 
presence of a cell line transfected or transformed with a gene which encodes a TNFR- 
related protein such as Fas, p55R, p75, CD40, or CD30, along with the respective 
ligand associated with the recombinant! y expressed receptor protein; and, 

(c) measuring and comparing the effect of the test substance in the presence 
and absence of the M68 receptor protein on cell survival of the transfected or 
transformed cell line expressing the TNFR-related receptor protein in the presence of 
its respective ligand. 

It will of course be within the purview of the skilled artisan to alternatively 
utilize a cell line which endogenously expresses effective amounts of the 
TNFR-related receptor protein, so as to negate the requirement to transfect or 
transform a cell line with an expression vector which recombinantly expressed the 
TNFR-related receptor protein. 

It is also within the purview of the skilled artisan to carry out such assays with 
an M68-compound complex that may by purified and prebound to a solid matrix such 
as through antiM68 antibodies or a epitope fusion like GST or Fc. 

In addition, several specific embodiments are disclosed herein to show the 
diverse type of screening or selection assay which the skilled artisan may utilize in 
tandem with an expression vector directing the expression of the M68 receptor protein 
or M68 fusion protein. Methods for identifying agonists and antagonists of other 
receptors are known in the art and can be adapted to identify agonists and antagonists 
of M68. Therefore, these embodiments are presented as examples and not as 
limitations. To this end, the present invention includes assays by which M68 
modulators (such as agonists and antagonists) may be identified. Accordingly, the 
present invention includes a method for determining whether a substance is a potential 
agonist or antagonist of M68 that comprises: 
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(a) transfecting or transforming cells with an expression vector that directs 
expression of M68 in the cells, resulting in test cells; 

(b) allowing the test cells to grow for a time sufficient to allow M68 to be 
expressed and secreted; 

(c) incubating secreted M68 in the presence and in the absence of the 
substance; and, 

(d) measuring the binding of the labeled ligand to M68; where if the 
amount of binding of the labeled ligand is less in the presence of the substance than in 
the absence of the substance, then the substance is a potential modulator of M68. 
Examples of possible M68 ligands include but are not limited to TNF-a, sTNF-a, 
OPGL, LTa (TNF-p), TRAIL, FasL, CD40L, CD30L, CD27L, 4-1BBL, and LIGHT. 
A preferred aspect of this portion of the invention relates to use of an M68 fusion 
construct, including but by no means limited to such a fusion construct whereby the 
M68 coding region, or a biologically active portion thereof, is fused to a 
transmembrane domain, allowing a binding assay to be carried out in intact or lysed 
test cells of step (a), which will result in test cells which, instead of secreting M68 (or 
a biologically active portion thereof), retain the M68-fusion protein in the cell 
membrane. These M68-containing cells may then be incubated in the presence and in 
the absence of the test substance and, as in step (d) above, measuring the binding of 
the labeled ligand to M68 may be accomplished. If the amount of binding of the 
labeled ligand is less or more in the presence of the substance than in the absence of 
the substance, then the substance is a potential modulator of M68. Examples of 
possible M68 ligands again include but are not limited to TNF-a, sTNF-a, OPGL, 
LTa (TNF-(3), TRAIL, FasL, CD40L, CD30L, CD27L, 4-1BB, and LIGHT. 

The conditions under which step (c) of the method is practiced are conditions 
that are typically used in the art for the study of protein-ligand interactions: e.g., 
physiological pH; salt conditions such as those represented by such commonly used 
buffers as PBS or in tissue culture media; a temperature of about 4°C to about 55°C. 
The secreted M68 receptor protein may be incubated in the presence of the substance 
and the labeled ligand. In a modification of the above-described method, step (c) is 
modified in that the secreted protein is partially purified and resuspended in an 
appropriate assay buffer and incubated in the presence of test compound. 

Most ligands for TNFR are transmembrane proteins, making a known 
expression cloning protocol useful for ligand identification for TNFRs. This method 
will be useful for identifying a ligand or ligand(s) of M68. A panel of cell lines can 
be screened by flow cytometry with M68 protein (or an epitope tagged version of 
M68, e.g. M68-Fc) and anti M68 or/ anti epitope antibodies. An expression cDNA 
library can then be made from such cell lines that show binding to M68. An 
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expression cloning protocol, such as a slide transfection and two-step detection 
method (Goodwin, R.G. et al., Cell 73, 447-456 (1993)) can then be followed to 
identify cDNA that direct the expression of a cell surface protein that binds to M68 or 
M68-Fc. 

It is also part of the present invention to utilize the non-coding regulatory 
regions of the human M68 gene (as disclosed in SEQ ID NO:5) to establish an assay 
to measure the effect of potential modulators on M68 expression. While many 
variations are known in the art, one such assay, offered as an example and not a 
limitation, would be a colorometric assay which utilizes a recombinant host cell 
transfected with an expression vector comprising a portion of the 5'UTR of M68 
fused to the LacZ gene. This expression vector may be transformed or transfected 
into a cell line such that an assay may be conducted whereby the effect of various test 
substances are screened for an ability to either up- or down-regulate M68 promoter 
activity, which is measured as the expression of the LacZ gene and an OD 
measurement of B-Gal. The following assay may include the following steps: 

(a) transfecting or transforming a host cell with an expression vector 
which fuses an M68 5' UTR sequence (contained within SEQ ID NO:5) to a reporter 
gene, resulting in test cells; 

(b) incubating the test cells in the presence of a test substance for a time 
sufficient for the cells to grow and for the test substance to interact with various 
intracellular factors; 

(c) measuring the effect of the test substance on M68 gene expression by a 
colorometric assay which measures expression off the M68 promoter and comparing 
expression levels in the absence of addition of such a test substance. 

Agonists and antagonists of M68 that are identified by the above-described 
methods should have utility in the treatment of diseases that involve the inappropriate 
expression of M68. 

Polyclonal or monoclonal antibodies may be raised against human M68 or a 
synthetic peptide (usually from about 9 to about 25 amino acids in length) from a 
portion of human M68 as disclosed in SEQ ID NO:3 and 4. Monospecific antibodies 
to human M68 are purified from mammalian antisera containing antibodies reactive 
against human M68 or are prepared as monoclonal antibodies reactive with human 
M68 using the technique of Kohler and Milstein (1975, Nature 256: 495-497). 
Monospecific antibody as used herein is defined as a single antibody species or 
multiple antibody species with homogenous binding characteristics for human M68. 
Homogenous binding as used herein refers to the ability of the antibody species to 
bind to a specific antigen or epitope, such as those associated with human M68, as 
described above. Human M68-specific antibodies are raised by immunizing animals 
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such as mice, rats, guinea pigs, rabbits, goats, horses and the like, with an appropriate 
concentration of human M68 protein or a synthetic peptide generated from a portion 
of human M68 with or without an immune adjuvant. 

Preimmune serum is collected prior to the first immunization. Each animal 
receives between about 0.1 mg and about 1000 mg of human M68 protein associated 
with an acceptable immune adjuvant. Such acceptable adjuvants include, but are not 
limited to, Freund's complete, Freund's incomplete, alum-precipitate, water in oil 
emulsion containing Corynebacterium parvum and tRNA. The initial immunization 
consists of human M68 protein or peptide fragment thereof in, preferably, Freund's 
complete adjuvant at multiple sites either subcutaneously (SC), intraperitoneally (IP) 
or both. Each animal is bled at regular intervals, preferably weekly, to determine 
antibody titer. The animals may or may not receive booster injections following the 
initial immunization. Those animals receiving booster injections are generally given 
an equal amount of human M68 in Freund's incomplete adjuvant by the same route. 
Booster injections are given at about three week intervals until maximal titers are 
obtained. At about 7 days after each booster immunization or about weekly after a 
single immunization, the animals are bled, the serum collected, and aliquots are stored 
at about -20°C. 

Monoclonal antibodies (mAb) reactive with human M68 are prepared by 
immunizing inbred mice, preferably Balb/c, with human M68 protein. The mice are 
immunized by the IP or SC route with about 1 mg to about 100 mg, preferably about 
10 mg, of human M68 protein in about 0.5 ml buffer or saline incorporated in an 
equal volume of an acceptable adjuvant, as discussed above. Freund's complete 
adjuvant is preferred. The mice receive an initial immunization on day 0 and are 
rested for about 3 to about 30 weeks. Immunized mice are given one or more booster 
immunizations of about 1 to about 100 mg of human M68 in a buffer solution such as 
phosphate buffered saline by the intravenous (IV) route. Lymphocytes, from antibody 
positive mice, preferably splenic lymphocytes, are obtained by removing spleens from 
immunized mice by standard procedures known in the art. Hybridoma cells are 
produced by mixing the splenic lymphocytes with an appropriate fusion partner, 
preferably myeloma cells, under conditions which will allow the formation of stable 
hybridomas. Fusion partners may include, but are not limited to: mouse myelomas 
P3/NSl/Ag 4-1; MPC-1 1; S-194 and Sp 2/0, with Sp 2/0 being preferred. The 
antibody producing cells and myeloma cells are fused in polyethylene glycol, about 
1000 mol. wt., at concentrations from about 30% to about 50%. Fused hybridoma 
cells are selected by growth in hypoxanthine, thymidine and aminopterin 
supplemented Dulbecco's Modified Eagles Medium (DMEM) by procedures known 
in the art. Supernatant fluids are collected form growth positive wells on about days 
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14, 18, and 21 and are screened for antibody production by an immunoassay such as 
solid phase immunoradioassay (SPIRA) using human M68 as the antigen. The 
culture fluids are also tested in the Ouchterlony precipitation assay to determine the 
isotype of the mAb. Hybridoma cells from antibody positive wells are cloned by a 
technique such as the soft agar technique of MacPherson, 1973, Soft Agar 
Techniques, in Tissue Culture Methods and Applications , Kruse and Paterson, Eds., 
Academic Press. 

Monoclonal antibodies are produced in vivo by injection of pristine primed 
Balb/c mice, approximately 0.5 ml per mouse, with about 2 x 10° to about 6 x 10° 
hybridoma cells about 4 days after priming. Ascites fluid is collected at 
approximately 8-12 days after cell transfer and the monoclonal antibodies are purified 
by techniques known in the art. 

In vitro production of anti-human M68 mAb is carried out by growing the 
hybridoma in DMEM containing about 2% fetal calf serum to obtain sufficient 
quantities of the specific mAb. The mAb are purified by techniques known in the art. 

Antibody titers of ascites or hybridoma culture fluids are determined by 
various serological or immunological assays which include, but are not limited to, 
precipitation, passive agglutination, enzyme-linked immunosorbent antibody (ELISA) 
technique and radioimmunoassay (RIA) techniques. Similar assays are used to detect 
the presence of human M68 in body fluids or tissue and cell extracts. 

It is readily apparent to those skilled in the art that the above described 
methods for producing monospecific antibodies may be utilized to produce antibodies 
specific for human M68 peptide fragments, or full-length human M68. 

Human M68 antibody affinity columns are made, for example, by adding the 
antibodies to Affigel-10 (Biorad), a gel support which is pre-activated with N- 
hydroxysuccinimide esters such that the antibodies form covalent linkages with the 
agarose gel bead support. The antibodies are then coupled to the gel via amide bonds 
with the spacer arm. The remaining activated esters are then quenched with 1M 
ethanolamine HC1 (pH 8). The column is washed with water followed by 0.23 M 
glycine HC1 (pH 2.6) to remove any non-conjugated antibody or extraneous protein. 
The column is then equilibrated in phosphate buffered saline (pH 7.3) and the cell 
culture supernatants or cell extracts containing full-length human M68 or human M68 
protein fragments are slowly passed through the column. The column is then washed 
with phosphate buffered saline until the optical density (A280) falls to background, 
then the protein is eluted with 0.23 M glycine-HCl (pH 2.6). The purified human 
M68 protein is then dialyzed against phosphate buffered saline. 

The DNA of the present invention, especially the genomic clone as encoding 
M68 as set forth in SEQ ID NO:5, or hybridization probes based upon the DNA, can 
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be used in chromosomal mapping studies in order to identify the chromosomal 
locations of the M68 gene or of genes encoding proteins related to M68. Such 
mapping studies can be carried out using well-known genetic and/or chromosomal 
mapping techniques such as, e.g., linkage analysis with respect to known 
chromosomal markers or in situ hybridization. See, e.g., Verma et al., 1988, Human 
Chromosomes: A Manual of Basic Techniques , Pergamon Press, New York, NY. 
After identifying the chromosomal location of the M68 gene or genes encoding 
proteins related to M68, this information can be compared with the locations of 
known disease-causing genes contained in genetic map data (such as the data found in 
the Genome Issue of Science (1994, 265:1981-2144). In this way, one can correlate 
the chromosomal location of the M68 gene or of genes encoding proteins related to 
M68 with the locations of known disease-causing genes and thus help to limit the 
region of DNA containing such disease-causing genes. This will simplify the process 
of cloning such disease-causing genes. Also, once linkage between the chromosomal 
location of the M68 gene or of genes encoding proteins related to M68 and the 
locations of a known disease-causing gene is established, that linkage can be used 
diagnostically to identify restriction fragment length polymorphisms (RFLPs) in the 
vicinity of the M68 gene or of genes encoding proteins related to M68. Such RFLPs 
will be associated with the disease-causing gene and thus can be used to identify 
individuals carrying the disease-causing gene. For such chromosomal mapping 
studies as described herein, it may be advantageous to use, in addition to the DNA of 
the present invention, the reverse complement of the DNA of the present invention or 
RNA corresponding to the DNA of the present invention. 

Gene therapy may be used to introduce M68 polypeptides into the cells of 
target organs. Nucleotides encoding M68 polypeptides can be ligated into viral 
vectors which mediate transfer of the nucleotides by infection of recipient cells. 
Suitable viral vectors include retrovirus, adenovirus, adeno-associated virus, herpes 
virus, vaccinia virus, and polio virus based vectors. Alternatively, nucleotides 
encoding M68 polypeptides can be transferred into cells for gene therapy by non-viral 
techniques including receptor- mediated targeted transfer using ligand-nucleotide 
conjugates, lipofection, membrane fusion, or direct microinjection. These procedures 
and variations thereof are suitable for ex vivo as well as in vivo gene therapy. Gene 
therapy with M68 polypeptides will be particularly useful for the treatment of diseases 
where it is beneficial to elevate M68 activity for the purpose of countering 
inappropriately high or uncontrolled levels of apoptosis within a specific tissue. 

A DNA fragment encoding M68 or mutant versions thereof may be delivered 
either systemically or to target cells in the proximity of a solid tumor of the 
mammalian host by viral or non-viral based methods. Viral vector systems which 
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may be utilized in the present invention include, but are not limited to, (a) adenovirus 
vectors, including first generation adenovirus vectors and helper dependent adenoviral 
vector systems; (b) retrovirus vectors; (c) adeno-associated virus vectors; (d) herpes 
simplex virus vectors; (e) SV 40 vectors; (f) polyoma virus vectors; (g) papilloma 
virus vectors; (h) picarnovirus vectors; and (i) vaccinia virus vectors. Non-viral 
methods of delivery include but are not necessarily limited to direct injection of naked 
DNA, such as a recombinant DNA plasmid expression vector described herein 
comprising a DNA fragment encoding M68 or mutated forms of M68. 

The recombinant adenoviruses are preferably administered by any method 
known in the art, including but not limited to, direct injection such as intramuscluar 
injection, or intravenous (i.v.). A recombinant adenovirus delivered by i.v. injection 
will preferentially infect hepatocytes when administered intravenously, where 
expression persists for approximately 3-4 weeks subsequent to the initial infection. 
Suitable titers will depend on a number of factors, such as the particular vector 
chosen, the host, strength of promoter used and the severity of the disease being 
treated. The skilled artisan may alter the titer of virus administered to the patient, 
depending upon the method of delivery, disease treated and efficiency of expression 
from the recombinant virus. A dose in the range of 10 9 -10 n pfu adenovirus is 
expected to be preferred in most instances. The skilled artisan will also realize that 
the number of viral particles encoding the transgcne, whether or not replication 
competent in a complementing host cell, are a relevant dosing unit. In most 
Adenovirus constructs, there are 50 to 100-fold more DNA containing particles than 
pfus. 

The present invention also relates to methods of using the M68 protein, or a 
biologically active fragment, for inhibition of Fas-mediated apoptosis in a mammalian 
host, especially a human host, wherein M68 competes with Fas for binding to Fas 
ligand, thereby affecting a decrease in Fas/FasL induced apoptosis. 

As described throughout, the assays described above can be carried out with 
cells that have been transiently or stably transfected or stably transformed with 
expression vectors which encode M68 or an M68-fusion construction. Transfection is 
meant to include any method known in the art for introducing M68 into the test cells. 
For example, transfection includes calcium phosphate or calcium chloride mediated 
transfection, lipofection, infection with a retroviral construct containing M68, and 
electroporation. Transformation is meant to encompass a genetic change to the target 
cell resulting from an incorporation of DNA. 

The DNA molecules, RNA molecules, recombinant protein and antibodies of 
the present invention may be used to screen and measure levels of human M68. To 
this end, as exemplified in Example Section 4, M68 immonohistochemistry and/or 
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RNA measurement will be a useful tool for detection of Gl-based cancer, since the 
data of Example Section 4 shows a strong association of M68 overexpression with 
cancer. Therefore, the recombinant proteins, DNA molecules, RNA molecules and 
antibodies of the present invention lend themselves to the formulation of kits suitable 
for the detection and typing of human M68. Such kit are known in the art and would 
comprise a compartmentalized carrier suitable to hold in close confinement at least 
one container. The carrier would further comprise reagents such as recombinant M68 
or anti-M68 antibodies suitable for detecting human M68 protein or M68 expression. 
The carrier may also contain a means for detection such as labeled antigen or enzyme 
substrates or the like. 

Additionally, M68 RNA levels can be measured by multiple techniques such 
as Northern blot analysis (sec Example 2); as wells as quantitative or semi 
quantitative RT-PCR as described in many standard PCR protocols. M68 protein 
levels can be measured by a variety of immunoassays such as Western blotting, 
ELISA and immunohistological (IHC) assays. The immunohistochemistry protocol 
used for M68 antibodies on paraffin embedded tissues are described in Example 
section 4. 

The present invention also relates to a non-human transgenic animal which is 
useful for studying the ability of a variety of compounds to act as modulators of M68. In 
regard to transgenic animals of this invention, reference is made to transgenes and genes. 
As used herein, a transgene is a genetic construct including a gene. The transgene is 
integrated into one or more chromosomes in the cells in an animal by methods known in 
the art. Once integrated, the transgene is carried in at least one place in the chromosomes 
of a transgenic animal. Of course, a gene is a nucleotide sequence that encodes a protein, 
such as one or a combination of the cDNA clones described herein. The gene and/or 
transgene may also include genetic regulatory elements and/or structural elements known 
in the art. A type of target cell for transgene introduction is the embryonic stem cell (ES). 
ES cells can be obtained from pre-implantation embryos cultured in vitro and fused with 
embryos (Evans et al., 1981, Nature 292:154-156; Bradley et al., 1984, Nature 309:255- 
258; Gossler et al., 1986, Proc. Natl. Acad. Sci. USA 83:9065-9069; and Robertson et al., 
1986 Nature 322:445-448). Transgenes can be efficiently introduced into the ES cells by 
a variety of standard techniques such as DNA transfection, microinjection, or by 
retro virus-mediated transduction. The resultant transformed ES cells can thereafter be 
combined with blastocysts from a non-human animal. The introduced ES cells thereafter 
colonize the embryo and contribute to the germ line of the resulting chimeric animal 
(Jaenisch, 1988, Science 240: 1468-1474). 

A naturally occurring M68 gene is referred to as the native gene, and if it is 
not mutant, it can also be referred to as wild-type. An altered M68 gene should not 
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fully encode the same M68 as native to the host animal, and its expression product 
can be altered to a minor or greater degree, or absent altogether. In cases where it is 
useful to express a non-native M68 gene in a transgenic animal in the absence of a 
native M68 gene we prefer that the altered M68 gene induce a null knockout 
phenotype in the animal. However a more modestly modified M68 gene can also be 
useful and is within the scope of the present invention. The M68 mutation may be a 
targeted deletion mutation, a targeted substitution mutation and/or a targeted insertion 
mutation. However, the preferred mutation is a deletion mutation, and especially 
preferred is a deletion mutation which results in a deletion of most if not all of the 
M68 gene. Transgenic animals are generated which have an altered, or preferably, 
completely deleted M68 gene. M68 gene deletions, gene modifications and or gene 
insertions can render the native gene nonfunctional, producing a "knockout" 
transgenic animal, or can lead to a M68 with altered expression or activity. As noted 
above, a non-human transgenic animal without an activated M68 gene can be used to 
for testing/screening of modulators of M68 expression and/or activity (modulators 
such as small molecules or peptides) that may reverse the pathological phenotype 
which results from the overexpression or deletion of M68. 

A preferred deletion mutation may contain a deletion of anywhere from 1 
nucleotide to deletion of the entire gene, including the open reading frame and associated 
ds-acting regulatory sequences associated with wild type M68. A smaller deletion within 
the open reading frame is preferably not divisible by three, so as to result in a frameshift 
mutation resulting in a protein which most likely is non-functional. It is preferred that 
any such smaller deletion not divisible by three be targeted toward the 5' region of the 
open reading frame to increase the possibility of generating a non-functional truncated 
protein product. However, as noted above, it is preferable that the deletion mutation 
encompass most if not all of the M68 gene so as to insure prevention of expression of a 
functional M68 protein. 

Therefore, the transgenic animals which are homozygous, heterozygous or 
hemizygous for a deficient M68 gene are useful for identifying compounds which 
modulate wild type M68 activity or expression in vivo and studying the effects of various 
compounds which may be imparted through activation or antagonism of M68 as well as 
controlling the level of expression, whether that level be abnormally low or abnormally 
high. Therefore, the generation of M68 deficient transgenic non-human animals, 
including mice, aids in further defining the in vivo function(s) of M68. In addition, 
transgenic animals can be used as a strain for the insertion of human M68 genes and 
provides an animal model useful in the design and assessment of various approaches to 
modulating M68 activity and expression. An altered M68 gene should not fully encode 
the same M68 as native to the host animal, and its expression product can be altered to a 
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minor or great degree, or absent altogether. However a more modestly modified M68 
gene can also be useful and is within the scope of the present invention. The modified 
cells, embryos and/or non-human transgenic animal of the present invention can also be 
used as a source of cells for cell culture. These cells can be used for corresponding 
in vitro studies of M68 expression, activity and the modulation thereof. The non-human 
transgenic animals disclosed herein are useful for drug antagonist or agonist studies, for 
animal models of human diseases, and for testing of treatment of disorders or diseases 
associated with M68. Transgenic animals lacking native M68 are useful in characterizing 
the in vivo function(s) of M68. A transgenic animal carrying a non-native M68 in the 
absence of native M68 is useful for the establishment of a non-human model for diseases 
involving M68, such as Gl-based cancers. 

In view of the teachings within this specification, it is within the purview of the 
artisan of ordinary skill to utilize antisense RNA transgenes, ribozymes or other 
modulators of RNA expression or other means of modulating M68 RNA production 
including promoter mutations, and mutations that affect transcription, to partially or 
totally knock out expression of the mouse M68 protein. The antisense transgene used 
herein would encode a polynucleotide which is at least partially complementary to all or a 
part of the host M68 gene and which will hybridize to a target sequence encoded by the 
host M68 gene, most specifically a mRNA transcript expressed from the host M68 gene. 
Any such oligonucleotide sequence should be at least about 15 to 30 nucleotides in length 
and preferably more than about 30 nucleotides, wherein this sequence is substantially 
complementary to the target host gene. The antisense transgene need not be a total 
complement, but instead should contain adequate sequence identity such that the 
expressed antisense RNA transgene will effective hybridize with the expressed mRNA 
from the host target gene so as to efficiently inhibit concomitant protein expression. 
These antisense polynucleotides may be produced by subcloning the sequence of interest 
into an appropriate gene expression vector and transferring this vector to pluripotent 
embryonic stem cells which may be used as described herein to generate another form of 
an M68 deficient non-human transgenic animal. 

A type of target cell for transgene introduction is also the embryonic stem cell 
(ES). ES cells can be obtained from pre-implantation embryos cultured in vitro and fused 
with embryos (Evans et al., 1981, Nature 292: 154-156; Bradley et al., 1984, Nature 309: 
255-258; Gossler et al., 1986, Proc. Natl. Acad. Sci. USA 83: 9065-9069; and Robertson 
et al., 1986, Nature 322: 445-448). Transgenes can be efficiently introduced into the ES 
cells by a variety of standard techniques such as DNA transfection, microinjection, or by 
retro virus-mediated transduction. The resultant transformed ES cells can thereafter be 
combined with blastocysts from a non-human animal. The introduced ES cells thereafter 
colonize the embryo and contribute to the germ line of the resulting chimeric animal 
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(Jaenisch, 1988, Science 240: 1468-1474). The use of gene-targeted ES cells in the 
generation of gene-targeted transgenic mice was described in 1987 (Thomas et al., 1987, 
Cell 51:503-512) and is reviewed elsewhere (Frohman et al., 1989, Cell 56:145-147; 
Capecchi, 1989, Trends in Genet. 5:70-76; Baribault et al., 1989, Mol. Biol. Med. 6:481- 
492; Wagner, 1990, EMBO J. 9:3025-3032; Bradley et al., 1992, Bio/Technology 10:534- 
539). See also, U.S. Patent No. 5,464,764, issued to Cappecchi and Thomas on 
November 7, 1995, hereby incorporated by reference). Therefore, techniques are 
available in the art to generate the M68 deficient animal cells, non-human transgenic 
embryos, non-human transgenic animals and non-human transgenic littermates of the 
present invention. The methods for evaluating the targeted recombination events as well 
as the resulting knockout mice are also readily available and known in the art. Such 
methods include, but are not limited to DNA (Southern) hybridization to detect the 
targeted allele, polymerase chain reaction (PCR), polyacrylamide gel electrophoresis 
(PAGE), in situ hybridization and Western blots to detect DNA, RNA and protein. 
Therefore, the M68 deficient animal cells, non-human transgenic embryos, non-human 
transgenic animals and non-human transgenic littermates of the present invention may be 
generated by any techniques known in the art, as sampled in the previous paragraph. 

Pharmaceutically useful compositions comprising modulators of human M68 
may be formulated according to known methods such as by the admixture of a 
pharmaceutically acceptable carrier. Examples of such carriers and methods of 
formulation may be found in Remington's Pharmaceutical Sciences. To form a 
pharmaceutically acceptable composition suitable for effective administration, such 
compositions will contain an effective amount of the protein, DNA, RNA, modified 
human M68, or either M68 agonists or antagonists including tyrosine kinase 
activators or inhibitors. 

Therapeutic or diagnostic compositions of the invention are administered to an 
individual in amounts sufficient to treat or diagnose disorders. The effective amount 
may vary according to a variety of factors such as the individual's condition, weight, 
sex and age. Other factors include the mode of administration. 

The pharmaceutical compositions may be provided to the individual by a 
variety of routes such as subcutaneous, topical, oral and intramuscular. 

The term "chemical derivative" describes a molecule that contains additional 
chemical moieties which are not normally a part of the base molecule. Such moieties 
may improve the solubility, half-life, absorption, etc. of the base molecule. 
Alternatively the moieties may attenuate undesirable side effects of the base molecule 
or decrease the toxicity of the base molecule. Examples of such moieties are 
described in a variety of texts, such as Remington's Pharmaceutical Sciences. 
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Compounds identified according to the methods disclosed herein may be used 
alone at appropriate dosages. Alternatively, co-administration or sequential 
administration of other agents may be desirable. 

The present invention also has the objective of providing suitable topical, oral, 
systemic and parenteral pharmaceutical formulations for use in the novel methods of 
treatment of the present invention. The compositions containing compounds 
identified according to this invention as the active ingredient can be administered in a 
wide variety of therapeutic dosage forms in conventional vehicles for administration. 
For example, the compounds can be administered in such oral dosage forms as tablets, 
capsules (each including timed release and sustained release formulations), pills, 
powders, granules, elixirs, tinctures, solutions, suspensions, syrups and emulsions, or 
by injection. Likewise, they may also be administered in intravenous (both bolus and 
infusion), intraperitoneal, subcutaneous, topical with or without occlusion, or 
intramuscular form, all using forms well known to those of ordinary skill in the 
pharmaceutical aits. 

Advantageously, compounds of the present invention may be administered in 
a single daily dose, or the total daily dosage may be administered in divided doses of 
two, three or four times daily. Furthermore, compounds for the present invention can 
be administered in intranasal form via topical use of suitable intranasal vehicles, or 
via transdermal routes, using those forms of transdermal skin patches well known to 
those of ordinary skill in that art. To be administered in the form of a transdermal 
delivery system, the dosage administration will, of course, be continuous rather than 
intermittent throughout the dosage regimen. 

For combination treatment with more than one active agent, where the active 
agents are in separate dosage formulations, the active agents can be administered 
concurrently, or they each can be administered at separately staggered times. 

The dosage regimen utilizing the compounds of the present invention is 
selected in accordance with a variety of factors including type, species, age, weight, 
sex and medical condition of the patient; the severity of the condition to be treated; 
the route of administration; the renal, hepatic and cardiovascular function of the 
patient; and the particular compound thereof employed. A physician or veterinarian 
of ordinary skill can readily determine and prescribe the effective amount of the drug 
required to prevent, counter or arrest the progress of the condition. Optimal precision 
in achieving concentrations of drug within the range that yields efficacy without 
toxicity requires a regimen based on the kinetics of the drug's availability to target 
sites. This involves a consideration of the distribution, equilibrium, and elimination 
of a drug. 
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The following examples are provided to illustrate the present invention 
without, however, limiting the same hereto. 

EXAMPLE 1 

Isolation and Characterization of DNA Fragments Encoding M68 
EST sequences display sequence similarities to the cysteine repeats of human 
osteoprotegerin (OPG) (Acc #. U94332), a member of the TNFR-related family, were 
searched using TBLASTN and TFASTX3. Two EST sequences (GenBank Acc. # 
AA155701 and AA025672) were identified. The sequence derived from these two 
ESTs were then used to search for other homologous sequences available in the 
databases and sequences derived from the same EST clone. An EST cluster 
(GenBank Acc. #s aa577603, aa603704, aa613366, aal58406, w67560, aa325843, 
aal55646, aa025673, aa5 14270, m91489 were identified. The majority of these 
ESTs represented 3'UTR sequences. cDNA clones thought to contain longer inserts 
were obtained (GenBank Acc.#s aa577603, aa603704, aa6 13366, aal 58406, w67560) 
were obtained from IMAGE. Clones were purified and isolated for sequencing 
(original EST sequence in database were derived from 3' of the cDNA clones). 
Internal primers were designed based on the first round sequencing information and 
then used for second round of sequence analysis. This primer-walking procedure 
resulted in the complete double-strand sequence analysis. Two clones, both derived 
from human cancer libraries, contain the full open reading frame and were designated 
M68. cDNA clones from normal human tissues were obtained from a cDNA library 
made from human lung (Clontech) by PCR using primers derived from the above 
sequencing(M68.e30.F: 

5'-ctctccctgctccagcaaggaccat (SEQ ID NO:6) and M68.e956.R: 
5'-atcagtgcacagggaggaagcgct (SEQ ID NO:7)). Sequence analysis indicated both 
clones isolated from the human cancer libraries possess an identical open reading 
frame to the above two clones derived from tumor tissue. The 5' stop codon indicates 
that it contains the full open reading frame. Signal peptide analysis suggests that the 
first 29 amino acid encoded by M68 cDNA consists of a signal peptide which would 
be cleaved. 

Therefore, search of the EST database with the osteoprotegerin (OPG) amino 
acid sequence identified a group of clones which represented the partial M68 
sequence. The full length M68 cDNA was cloned by recovering EST clones and PCR 
cloning from a normal human lung cDNA library. Two alternate forms of the M68 
cDNA were identified in human cancer cDNA libraries (M68E and M68C). The 
M68 cDNA encodes a protein of 300 amino acids, with a putative signal peptide 
cleavage site and the four tandem cysteine-rich repeats which are the hallmark of the 
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TNFR superfamily. Unlike most of the other TNFR family members, however, no 
transmembrane domain could be identified, suggesting that the M68 protein is 
secreted. 

EXAMPLE 2 
Northern Analysis of Human M68 Gene Expression 

Primary tumors - mRNA isolation from surgically removed human tumor 
samples were provided by BioChain Institute, Inc., San Leandro, CA. Two ug polyA 
RNA per lane was run on a denaturing formaldehyde 1% agarose gel, and transferred 
to a charged-modified nylon membrane. For each type of tissue, RNA were isolated 
from three different donor's tumors and a normal control tissue, as well as to known 
human cancer cell lines. The probe was made using a M68 cDNA fragment and 
labeled via the 32 P dCTP random priming method (Ambion). Hybridization was 
earned out by using Clontech's quick hybridization solution and the manufacture 
suggested protocols except final wash was done at 55°C rather than 50 C. 
Membranes were exposed to X-ray film with intensify screen at -80°C overnight. T: 
tumor tissues; N: normal tissues. The same blot was hybridized to a human ubiquitin 
probe to verify RNA loading in each lane (Figure 6A). Human normal tissue blots 
were obtained from Clontech. Hybridization and washing conditions follow 
manufacture suggested protocols. The same blot was hybridized to a human (3-actin 
probe to verify RNA loading in each lane. The results are shown in Figure 6B. 

Numerous reports have shown genomic amplifications of 20ql3 in breast 
(Schwendel et al., 1998, Br J Cancer 78: 806-811), gastric (Sakakura et al., 1999, 
Genes Chromosomes Cancer 24: 299-305) colon and lung tumors (Muleris et al., 
1995, Genes Chromosomes Cancer 14: 155-163.), and in neuroblastomas (Altura et 
al., 1997, Genes Chromosomes Cancer 19: 176-184). This chromosomal localization 
(see Example 3) and the high incidence of cDNA clones derived from cancer libraries 
prompted examination of M68/DcR3 expression in normal and tumor tissues, and in 
human cancer cell lines. To assay for M68 mRNA overexpression, Northern blot 
analysis was carried out on a series of human tumors. Overexpression of M68 mRNA 
up to 20 fold was observed in tumors from every level of the GI tract, including 
esophagus (1/3 tumors), stomach (1/3), rectum (2/3), colon(l/3) (Figure 6A). No 
M68/DcR3 mRNA overexpression was seen in any of three breast, lung or uterus 
tumor (data not shown). Several human cancer cell lines also showed M68 
overexpression, including the human colonic adenocarcinoma cell lines SW480 
(Figure 6A) and SW1 116, but not in SW403, HT29 and SW948 (data not shown). 
M68 mRNA was also detected at a low level by Northern blot in normal human 
stomach, spinal cord, lymph node, trachea, spleen, colon, and lung as a predominant 
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1.4 kb massage and a minor form at 2.4kb (Figure 6B). The predominant 1.4 kb 
transcript is equal in size to the longest cDNA clone obtained. Comparison of this 
clone to the genomic DNA sequence indicated that it is not an alternatively spliced 
form which deleted a transmembrane domain, but rather had properties of a secreted 
protein. 

EXAMPLE 3: 
Characterization and Chromosomal Localization of 
the Gene Encoding M68 

To map the position of M68 in the human genome, the primers C68.36F: 
5 ' - c acaggttc agcatgtttgtgcgtc (SEQ ID NO:8) and C68.275R: 
5 ' -cacagtccctgctggcctctgtcta (SEQ ID NO:9) were used to carry out PCR 
reactions with the 83 clones of the Stanford radiation hybrid panel (Cox et al., 1990, 
Science, 250:245:250). The PCR results were scored and submitted to the Stanford 
Genome Center for linkage analysis. The same procedure was also carried out with 
the 93 clones of the MIT GeneBridge 4 panel (Research Genetics) and results were 
submitted to MIT for linkage analysis. Both analysis gives consistent linkage 
position. M68 was placed to 26cR from D20S173 at chromosome 20 that corresponds 
to the cytogenetic location of 20ql3.3, a chromosomal region frequently amplified in 
breast and colon tumor cells. 

Therefore, M68/DcR3 was mapped using the Genebridge4 radiation hybrid 
panel to the extreme telomere of chromosome 20, at 20ql3.3, 28cR from D20S173 
with a lod score of 13. To confirm the RH data and identify additional genes in the 
region, a BAC clone that contained the full-length M68/DcR3 gene was isolated using 
PCR probes specific for the 5'UTR and 3'UTR sequences of M68/DcR3. One 
positive BAC clone, hbml68, was identified and used to independently map 
M68/DcR3 by fluorescence in situ hybridization FISH to the telomeric end of the q 
arm of chromosome 20, consistent with the radiation hybrid mapping result. A 
human chromosome 20 a-satellite probe was used to verify the identity of 
chromosome 20 (data not shown). 

EXAMPLE 4 
M68 Expression Characteristics 
Antibody Production - Four peptides were used for antibody production: (1) 
HM68A, corresponding to the C-terminus of M68, with an additional Cys residue 
added to the N-terminus for KLH coupling, (NH 2 -CRMPGLERSVRERFLPVH- 
COOH [SEQ ID NO: 12]); (2) HM68B, corresponding to the N-terminus of M68, 
immediately after the signal peptide cleavage site, (NH?-VAETPTYPWR 
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DAETGERL-COOH [SEQ ID NO: 13]); (3) HM68C, 

(NH 2 -LEAPEGWGPTPRAGRA-COOH [SEQ ID NO: 14]), and (4) HM68D, 
(NH2-PPRHYTQFWNYLERC-COOH [SEQ ID NO: 15]). The 
immunohistochemistry data shown in this example were obtained with antibodies 
generated from the HM68A peptide. Rabbit antisera were generated according to 
standard protocols. For characterization of the antisera, the M68 ORF was fused to Fc 
in frame to generate a M68-Fc fusion in pcDNA3.1 (Invitrogen), and stable CHO cell 
lines that express the M68-Fc fusion protein were generated. Cells were incubated in 
serum-free (OPTI-MEM) media for three days, after which conditioned media was 
harvested. The conditioned media were denatured in SDS sample buffer and 
subjected to SDS/PAGE prior transferred to nitrocellulose membranes for 
immunoblot analysis. M68 antisera were used at 1:5000 dilution, followed by HRP 
conjugated anti-rabbit IgG secondary antibody (Amersham, 1:5000) and ECL 
detection. 

Formalin-fixed, paraffin-embedded blocks from 68 cases of human 
adenocarcinoma, including primary malignant tumors from esophagus, stomach, 
colon, and rectum, and thirty normal GI tract tissues were obtained were obtained 
from the Cooperative Human Tissue Network (Eastern Division, Philadelphia, PA; 
Southern Division, Birmingham, AL; Western Division, Cleveland, OH), and the 
National Disease Research Interchange (Philadelphia, PA). Five micron sections 
were cut and mounted onto Superfrost Plus™ slides (Fisher Scientific, Pittsburgh, 
PA). Sections were pretreated by microwave antigen retrieval (Biogenex, San 
Ramon, CA), incubated in M68 antibody (1:7000), rinsed, and sequentially incubated 
with biotinylated rabbit IgG (1:200; Boehringer Mannheim, Indianapolis, IN) and 
HRP-conjugated avidin-biotin complex (ABC: Vector Laboratories, Burlingame, 
CA). Sections were processed using the catalyzed reporter deposition method 
(Renaissance® Tyramide Signal Amplification, NEN™, Boston, MA) and the end 
product was detected with DAB/NiCl 2 . The slides were counterstained with nuclear 
fast red (Vector). The slides were independently reviewed and graded (0 - 3+) 
according to HER2/neu criteria (15) by two investigators. Images were obtained with 
a SPOT CCD camera mounted on a Nikon E1000 microscope. Immunodetection of 
Fas (CD95) was accomplished by incubating sections with monoclonal anti-CD95, 
APOl/Fas antibody (DAKO Corp., Carpinteria, CA) for 1 hr. after proteinase K 
treatment. The sections were processed using catalyzed reporter deposition and 
counterstained as described above. The step by step outline for the above protocol is 
as follows: (i) deparaffinize and hydrate through graded ETOH to dH20; (ii) block in 
3% H202/MeOH for 30 min.; (iii) wash well in dH20; (iv) microwave in Biogenex 
Glyca AR solution for 3 min @ full power to boiling, followed by 10 min. power 3 
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(cycled boiling); (v) cool at RT 30 min.; (vi) block with IX casein (Vector) plus 10% 
non-immune sheep serum 1 hr. @ RT; (vii) incubate with rabbit anti-M68,l 199 
(1:7000) in blocking buffer overnight @ RT; (viii) wash with PBS 3x @ 5 min.; 
(ix) incubate with anti-rabbit IgG F(ab')2 fragment (Boehringer Mannheim Cat. No. 
1214659) 1:800, for 30 min. @ RT.; (x) wash with PBS 3x for 5 min.; (xi) incubate 
with ABC/HRP (Vector) for 30 min. @ RT.; (xii) wash with TBST 3x for 5 min.; 
(xiii) incubate with Biotinyl-Tyramide (NEN) 1:50 for 10 min.; (xiv) wash with 
TBST 3x for 5 min.; (xv) incubate with ABC/HRP (Vector) for 30 min. @ RT.; (xvi) 
wash with TBST 3x for 5 min.; (xvii) incubate with DAB/Nickel Chloride - Monitor 
under microscope for signal development; (xvii) wash in dH20; (xix) counterstain 
with Nuclear Fast Red (Vector) for 5 min.; and, (xx) wash in running H20. 
Dehydrate, clear and mount. 

Overexpression ofM68 in GI cancers - As the level of M68 mRNA appears to 
be elevated in a subset of human GI tract cancers, M68 was measured at the protein 
level. Synthetic M68 peptides were coupled to KLH or MAP and used to raise 
antibodies in rabbits. Antisera were characterized by ELISA with antigen peptide, 
and Western blot analysis of M68 fusion protein. Antisera that recognized only a 
single band of the predicted molecular mass by Western blot were used to carry out 
immunohistochemical analyses on a large series of human normal and pathologically 
characterized tumor tissues. In normal tissues at all levels of the gastrointestinal tract, 
M68 immunoreactivity was seen in epithelial cells, in a punctuate staining pattern 
suggestive of endoplasmic reticulum, a common location for immunostaining of 
secreted proteins. In many tumor samples, both the number of cells and the intensity 
of M68 immunoreactivity was dramatically increased relative to control tissues, 
though the signal remained exclusively epithelial (Figure 7A-J). Specificity of the 
M68 antiserum was demonstrated by (a) the absence of staining using control 
antibodies, (b) the significant reduction in staining by preincubating antibodies with 
antigen peptide, and (c) a similar staining pattern being seen with an antiserum 
generated with a different M68 antigen peptide. 

Coexpression of M68 with Fas - If M68 plays a role as a "decoy" receptor, 
binding to FasL and preventing FasL binding to Fas in tumor cells and thereby 
preventing Fas-induced apoptosis in tumors, then Fas should be expressed in the GI 
tract epithelium in close proximity to M68. To test this hypothesis, Fas 
immunohistochemistry was carried out on adjacent sections of the colon tumors in 
which M68 overexpression was seen. Fas was found to be expressed in colonic 
epithelium in a pattern similar to that of M68 (Figure 71, J). While M68 expression 
was elevated in tumors, Fas expression in tumors was unchanged or diminished 
compared to control tissues, suggesting that M68 may alter local Fas concentration as 



WO 00/46247 PCT/US00/03037 
46 

well as function in tumors. If coexpressed with Fas in normal tissue M68 should act 
as a guard against tissue damage caused by Fas stimulation. 

To investigate whether induced overexpression of M68 could be of benefit in a 
pathological situation, a 1 st generation adenovirus expressing the M68 fusion protein 
from the CMV promoter was constructed. The cDNA of M68 fused Fc was cloned 
between the human CMV promoter and the bovine growth hormone polyadenylation 
signal of pcDNA3 (Invitrogene, Carlsbad, CA) and cloned into the adenovirus shuttle 
vector pAElspl A (Bett et al., 1994, Proc. Natl. Acad. Sci. USA91: 8802-8806) with 
the transcription unit directed towards the packaging signal. The complete virus 
genome was created by homologous recombination in E. coli BJ 5183 (Chartier et al., 
1996, J. Virol 70: 4805-4810) between the shuttle vector and plasmid pEl-E3+. The 
virus DNA was released from the plasmid by restriction digestion, transfected into 
293 cells by calcium phosphate coprecipitation and plaques were obtained after 9 
days. The resulting Ad 5 based virus carries the M68-Fc fusion gene in El and has a 
full length E3-region viruses were amplified, large scale stocks were grown in 
NUNC -cell factories (NUNC, Rochester, NY) and purified by double Cs-banding. 
For expression studies cos cells were infected with 3000 particles/cell. Five hours 
after infection cells were washed twice. Medium was replaced for Opti-MEM and 
incubated for 72 h. Supernatants were subjected to SDS/PAGE, analyzed by 
immunoblot and used in 1:5 dilutions for protection of copper treated HepG2cells. 
Direct infection of HepG2 was performed at lOOpart/cell. 

Fas induced apoptosis plays an essential role in development of hepatitis 
(Kondo et al., 1997, Nat. Med. 3: 409-413). Whereas in viral hepatitis Fas ligand is 
released by cytotoxic T lymphocytes, FasL is induced together with Fas in 
hepatocytes overloaded with copper in Wilson disease (Strand et al., 1998, Nat. Med. 
4: 588-593). Hep G2 cells provide an in vitro model of the disease. Preliminary results 
show that HepG2 cells treated with 100ixM Copper chloride for 48 h can be in part 
protected from apoptosis by either infection with the M68-adenovirus (as describe 
above) or incubation with cell culture supernatant from virus infected cells. The effect 
was similar to that of the apoptosis inhibitor z-FAD-FMK. 

To objectively quantify M68 tumor overexpression, a scoring system was 
developed based on the validated system used for Her2/neu, a protein which is 
overexpressed in a subset of human breast and ovarian tumors (Wisecarver, 1999, Am. 
J. Clin. Pathol. Ill: 299-301). Slides were scored on a four-point scale, with 0 
indicating no staining, 1+ indicating faint/ barely perceptible staining in >10% of 
tumor cells, 2+ indicating weak to moderate staining in >10% of tumor cells, and 3+ 
indicating strong staining in >10% of tumor cells. Tumors which scored 0 or 1+ were 
judged as negative, while tumors scored 2+ or 3+ were judged as positive. 
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Figure 8A-D shows immunohistochemical scoring of M68 overexpression in 
formalin-fixed, paraffin embedded sections from GI tract cancer tissues. (A). No 
staining, or minimal staining, in <10% of the tumor cells: score 0; negative for M68 
expression. (B). Faint, barely visible staining in >10% of the tumor cells: score 1+; 
negative for M68 expression. (C). Weak to moderate staining in >10% of the tumor 
cells: score 2+; positive for M68 expression. (D). Strong staining in >10% of the 
tumor cells: score 3+; strongly positive for M68 expression. Overall, 44% (30 of 68) 
of tumors scored 2+ or 3+ on this scale, and were therefore designated as 
overexpressing M68/DcR3 Analysis by tumor site showed that 5 of 8 primary 
esophageal tumors, 8 of 28 primary gastric tumors, 17 of 25 primary colon tumors, 
and 2 of 6 primary rectal tumors showed M68/DcR3 overexpression. Analysis of 10 
normal tissues adjacent to these tumors showed absent or very limited expression, 
indicating that M68 protein overexpression is specific to malignant tissues, and not a 
result of inter-individual differences. 

M68 Overexpression and M68 Gene Amplification - Pitti et al. (1998, Nature 
396: 699-703) reported that M68/DcR3 gene was amplified up to 18 fold in 50% of 
the 18 lung and 17 colon tumors examined. However, protein levels were not directly 
assayed, so direct correlation between DcR3 gene amplification and gene expression 
could not be made. To determine whether M68/DcR3 overexpression was always the 
consequence of gene amplification, quantitative genomic PCR analysis and dot- 
counting by FISH (Press et al., 1997, J Clin Oncol. 15, 2894-904) on tumors which 
had shown overexpression of M68 by immunohistochemistry (scored 3+) (Figure 9A- 
9E). 

Quantitative Genomic PCR - Surgical specimens were provided as frozen 
tissues. Genomic DNA was isolated using Qiagen's QiaAmp tissue DNA extraction 
kit. Quantitative PCR was carried out with M68 specific probes and primers, and 
normalized to beta-globin gene using a TaqMan (ABI 7700) instrument. Primers for 
M68 were designed using intron sequence to avoid amplification from M68 mRNA. 
The M68 specific primers were M68Forward: 5'CCAGCACGGCTCACTGC3' (SEQ 
ID NO: 16); M68Reverse: 5 'TTTCTGGGCCCC ACTCG3 ' (SEQ ID NO: 17); and the 
fluorogenic probe was 5 ' C AGGGATTTCTCTCTCCTGC A A ACCCC3 ' (SEQ ID 
NO: 18);. The beta globin primers were Fbglobin62402: 
5 ' ACCCTT AGGCTGCTGGTGG3 ' (SEQ ID NO: 19), Rbglobin62402: 
5 ' GG AGTGG AC AG ATCCCC AAA3 ' (SEQ ID NO:20); and the fluorogenic probe 
was 5 ' CTACCCTTGG ACCC AGAGGTTCTTTG AGTC3 ' (SEQ ID NO:21);. For 
each run, a series of dilutions of genomic DNA pool isolated from peripheral blood 
leukocytes (PBLs) from multiple normal individuals were used for standardization. A 
second set of M68 and beta-globin primers and probes gave very similar results. 
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Probes - The M68 Bac (Bacterial Artificial Chromosome) clone, was directly 
labeled with SpectrumGreen dUTP using a Nick Translation kit from Vysis. The 
probe was nick translated at 15° C for 16 hr at which point the reaction was stopped 
by heating for 10 min at 70° C. Between 1 and 5 ng of SpectrumGreen labeled M68 
probe was mixed with 25 fig of Human Cot I DNA (Gibco BRL, Gaithersburg, MD) 
and precipitated with 3M sodium acetate and absolute ethanol. The mixture was 
frozen at -70°C for one hour and then microcentrifuged at 10,000 G for 15 minutes. 
The ethanol was discarded and the precipitated DNA pellets were air dried for several 
hours. 3 fx\ of water and 7 fil of LSIAVCP Hybridization Buffer (Vysis) were mixed 
and added to the pellet to make a working probe mixture and placed into a 37 °C 
water bath overnight. An indirect probe labeling method using digoxigenin and a 
fluorescein labeled anti -digoxigenin antibody caused high background, thus was not 
used in this study. 

FISH On Paraffin Embedded Sections - Paraffin embedded sections (4 jU, 
thick) had been fixed in formalin and placed on Probeon Plus slides (Fisher Scientific, 
Pittsburgh, PA). Prior to hybridization the slides were washed in xylene 3 times for 
15 min at room temperature to remove paraffin, followed by washing in absolute 
ethanol 3 times for 10 min at room temperature. Slides were air dried, then immersed 
in a pretreatment solution (Vysis) for 30 min at 45°C. Slides were rinsed in room 
temperature 2XSSC, then treated with Proteinase K (0.25 mg/ml) for 25 to 90 min at 
45°. This was followed by 3 washes in 2XSSC at 1 min each. Slides were 
dehydrated in ethanol, air dried, and placed on a 37°C slide warmer. The probe 
mixture (10 /xl, see Probes section, above) was added to the slide which was 
coverslipped and sealed. Preparations were denatured in a 90°C oven for 12 min. 
Slides were hybridized overnight at 37°C in a humidity chamber. The following day 
the slides were washed with 3 rinses of 50% form ami de/2XSSC (pH 7.0) for 10 min 
each, 1 rinse of 2XSSC for 10 min, then 2 rinses of 2XSSC/0.1%NP-40 for 10 min 
each. All rinses were at 45 °C. Slides were removed from 2XSSC/0.1%NP-40 and 
counterstained with 18 til of 0.6 mg/ml propidium iodide/antifade solution (Vysis), 
coverslipped, and blotted. Slides were viewed under an Olympus fluorescent 
microscope with either a dual band FITC/PI or narrow blue filter. Five counts of 100 
non-overlapping nuclei were used to obtain a percentage of cells with no 
amplification (4 or fewer dots) and a percentage of cells with amplification (5 or more 
dots). 

Quantitative PCR was carried out on genomic DNA from tumors and their 
matching normal control , with relative M68 gene copy number determined 
normalization to the (3-globin gene. Each round of PCR was run with a series of 
dilutions of standard DNA as control. Unexpectedly, only one out of 6 tumors show 
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above 2 fold amplification. Three out of 6 tumors show little amplification and the 
rest two tumors show minimal amplification (Figure 9E). Failure to detect significant 
M68 gene amplification in these tumor samples is not due to the possible PCR 
inhibitory factors present in our tumor DNA prep. When M68 BAC DNAs at 
comparable mole ratio to genomic DNA were added to the tumor DNA samples, we 
detected M68 gene amplification at the expected level (data not shown). To confirm 
these results, and address the possibility that the apparent lack of amplification was 
due to the presence of noncancerous cells in the tumor samples that may reduce the 
sensitivity of PCR based assay, we carried out FISH analysis using sections adjacent 
to those used for immunohistochemistry which show score3+. Five counts of 100 
non-overlapping nuclei were used to obtain a percentage of cells with or without 
amplification. Three out of 6 tumors showed only the normal two, and occasionally 
four, dots, indicating normal M68 gene number and consistent with the PCR results 
(Figure 9A and 9B). The sixth tumor did show M68 gene amplification by FISH, 
with approximately half of the cells showing more than 5 dots (Figure 9C and 9D). 
Two tumors show marginal amplification with 20 or 1 1 out of 500 cells with 5 or 
more dots. Together, these data suggest that while M68 gene amplification may occur 
in tumors, it is not necessary for M68 overexpression. Furthermore, the levels of gene 
amplification measured unlikely accounts for the dramatic increase at mRNA and 
protein levels of M68 in tumors. 

The present invention is not to be limited in scope by the specific 
embodiments described herein. Indeed, various modifications of the invention in 
addition to those described herein will become apparent to those skilled in the art 
from the foregoing description. Such modifications are intended to fall within the 
scope of the appended claims. 

Various publications are cited herein, the disclosures of which are 
incorporated by reference in their entireties. 
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WHAT IS CLAIMED: 

1. A method of determining whether a substance is a potential modulator 
of M68, comprising: 

(a) combining a test substance in the presence and absence of a M68 soluble 
receptor protein wherein said protein comprises the amino acid sequence as set forth 
in SEQ ED NO:3 or SEQ ID NO:4; and, 

(b) measuring and comparing the effect of the test substance in the presence 
and absence of the M68 soluble receptor protein. 

2. The method of claim I wherein the amino acid sequence of the M68 
receptor protein in contained as a portion of a fusion protein. 

3. A method for determining whether a substance is a potential modulator 
of M68 comprising: 

(a) transfecting or transforming cells with an expression vector expressing 
a M68 protein as set forth in SEQ ID NO:3 or SEQ ID NO:4, resulting in test cells; 

(b) allowing the test cells to grow for a time sufficient to allow M68 to be 
expressed and secreted; 

(c) incubating M68 with a labeled ligand of M68 in the presence and in 
the absence of the substance; 

(d) measuring the binding of the labeled ligand to M68; where if the 
amount of binding of the labeled ligand is less or more in the presence of the 
substance than in the absence of the substance, then the substance is a potential 
modulator of M68. 

4. The method of claim 3 wherein the amino acid sequence of the M68 
receptor protein in contained as a portion of a fusion protein. 

5. The method of claim 4 wherein the M68 labeled ligand is selected 
from the group consisting of TNF-oc, sTNF-a, OPGL, LTa (TNF-P), TRAIL, FasL, 
CD40L, CD30L, CD27L, 1BBL and LIGHT. 
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6. A method for determining whether a substance is a potential modulator 
of M68 comprising: 

(a) transfecting or transforming cells with an expression vector expressing 
a M68 fusion protein which comprises at least a portion of the nucleotide sequence as 
set forth in SEQ ID NO:3 or SEQ ID NO:4 fused to a nucleotide sequence encoding a 
transmembrane spanning domain such that expression of said expression vector 
results in anchoring of the M68 fusion protein to the cell membrane, resulting in M68- 
containing test cells; 

(b) allowing the test cells to grow for a time sufficient to allow M68 to be 
expressed; 

(c) incubating the test cells with a labeled ligand of M68 in the presence 
and in the absence of the substance; 

(d) measuring the binding of the labeled ligand to M68. 

7. The method of claim 6 wherein the M68 labeled ligand is selected 
from the group consisting of TNF-cc, sTNF-oc, OPGL, LTa (TNF-0), TRAIL, FasL, 
CD40L, CD30L, CD27L, 4-1BBL, and LIGHT. 

8. A method for determining whether a substance is capable of 
modulating M68 gene expression which comprises: 

(a) transfecting or transforming a host cell with an expression vector 
which fuses an M68 5' UTR sequence (contained within SEQ ID NO:5) to a reporter 
gene, resulting in test cells; 

(b) incubating the test cells in the presence of a test substance for a time 
sufficient for the cells to grow and for the test substance to interact with various 
intracellular factors; and, 

(c) measuring the effect of the test substance on M68 gene expression by a 
colorometric assay which measures expression off the M68 promoter and comparing 
expression levels in the absence of addition of such a test substance. 

9. A method of inhibiting Fas-mediated apoptosis in a mammalian host 
which comprises delivering a DNA vector to said mammalian host, said DNA vector 
expressing a soluble form of M68 which competes with Fas for binding to Fas ligand, 
thereby affecting a decrease in Fas/FasL induced apoptosis. 



10. The method of claim 9 wherein said DNA vector comprises the 
nucleotide sequence as set forth in SEQ ID NO:l. 
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The method of claim 10 wherein said mammalian host is a human. 



12. The method of claim 1 1 wherein said DNA vector is a recombinant 
adenovirus. 

13. The method of claim 1 1 wherein said DNA vector is a recombinant 
DNA plasmid vector. 

14. A method of inhibiting Fas-mediated apoptosis in a mammalian host 
which comprises delivering a M68 protein, or biologically active fragment thereof, to 
said mammalian host, wherein the M68 protein competes with Fas for binding to Fas 
ligand, thereby affecting a decrease in Fas/FasL induced apoptosis. 

15. The method of claim 14 wherein said DNA vector comprises the 
nucleotide sequence as set forth in SEQ ID NO:3. 

16. The method of claim 14 wherein said DNA vector comprises the 
nucleotide sequence as set forth in SEQ ID NO:4. 

17. The method of claim 15 wherein said mammalian host is a human. 

18. The method of claim 16 wherein said mammalian host is a human. 

19. An isolated nucleic acid molecule which comprises the nucleotide 
sequence as set forth in SEQ ID NO:5. 

20. An isolated nucleic acid molecule of claim 19 which consists of the 
nucleotide sequence as set forth in SEQ ED NO:5. 

21. An isolated nucleic acid molecule which comprises the nucleotide 
sequence as set forth in SEQ ID NO: 1 or SEQ ID NO:2. 

22. An isolated nucleic acid molecule of claim 21 which consists of the 
nucleotide sequence as set forth in SEQ ID NOT or SEQ ID NO:2. 
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23. An isolated nucleic acid molecule which comprises the 5' non-coding 
region of the human M68 gene, disclosed from nucleotide 1 to nucleotide 5582 within 
SEQ ID NO: 5 , as follows: 

CCCCCCACATCACTTTGGTTCTCTGGCGGGTCAGCTTGGCTCAGTGCACTCAAGGTCGGGTGCCCCTGC 
CACTGGCTGCGCTTGAGGCTGGCCTTTCTCCAGGAATGTGCTGCGGGTGGAACCCAGGTTCCTTCTTCC 
TTGGGGCCTTTTGCCCCAGAAGCCCATAATTCCTCAGGCCAACCCGAAATTTTCTCCCTGCTTCCTGCT 
GGGAGCCATTCCCCTCTTCCTGCCCATCCCTGCCCTTCAGGCCCCTGGAGTGAGCTCCAGGTGCAGGCA 
CCAGGCACCTGTGTCCCCTTCCTGCCAGCCCCTCGCTGTGGTCGGACTGTCTTCCCTGGACCTGCTCTT 
ACAAGTCACCACCTGCGAGCCTCATGAGCCGCTGGTGTGACTTGGACAGGACCAAGTTGTGGCACTGTC 
ACCGGGGTGTGCTGTGCCCCCCTCCCCCGACCTCCATCTTGGCTCAGGGCTCCTTGGGACCATCTTCCC 
TGTGCGTCCAGGTGCTTTGGGACCCCAGAGTGTGTGGTTGGGGTCTGTGTGTGGTTGTGAGCTGTGTCC 
TCCTCAGGCCCACAGCTGCTCCACCCTGTCCCTCCTGTCTGAGAAGAGGCCGGCAGAAGAACCGCGAGG 
AGGGAGGAAGAAGATCCGGCTGGTCAGCCACCCGGTGCGTGAGCTGTCCCTGCACCTGTGCCGACCACC 
ATAGACACGCATGGGAACGCAGCCGTGGGTGCCCCCAGCCACGGCTGGTCCCGATGGGACCAGGGAATC 
CACCCCCAGGAGCTGATGTCCAGGGCAGCTGTGATGCTGACGGCCAGGGGCTCAAGTGTGTGGTTTCTT 
CTGCAGGGGGCTCATGAGTCCCAGCTGGAATCAGGCCCCACCCTTGGGCAGGTTTGGCATGGGGCCTGC 
AGCACTGGGCTTGGCCCTGGCATTTCCCTCAAGTGTGGATGCACACCTGCCTCATGTGAGGGACACAGC 
CCATTCCTAGCCTTGGATCAAAGAACGGAGTTATAGCCGGAGCCAGGAAGCCCCCTGCCTGCTGGAAAA 
CCCCAAGTGTGGCGGCCTTTGTCCATGTCCCTTGGCTTCTGGGAAGAACTGGGTGGTGCCCAGGCAGGG 
CTGGTGCCATCAGGAAGTGGGTGGCTGCTGAGGGGCCTGGGCTGGCGAGGGCCTGGGTGGGGAGTGCCT 
GGGCCGCCCCTGCCTTGGTTTCCACGTTTCCGTGTTGGTCTGGGGTGTGTAGAGAGATGGGCACTGCTC 
ATCCGGAAGCCCCTCCTTGTGCGCTGCCATCCTGGGAGCCTCAGCCGCATCCGCTGTGGGGCAGGGGGC 
TTGAGGGAGGAGGAGAGAGACGGGCCATGCAGGACCCCTGGCTTGAGGCAGAGCCAATCTACCCTTTGC 
CCATTCACTGCTCTCAGTTCCCTGCCAGCCTCTCACTGTGTGACCTCAGACGGGCCCAGCCCCACAGCT 
TTCTTCCCGCAGCCCCTCCCTATGTCCATCCAGCCAGCCAGTTTCTCAGGCAGCAGCCCCACCTCGGCA 
GTCACTGTCCCAGGGAACGCTCAATGTTCCAAGGAAGGCTCTGCAGCCCCAGGGACCAGATGATGAGGC 
TGGCCCTGATGGAGCCTCGGGCCTGTGTCCTGCAGGAGGAGCCCGTGGCTGGTGCACAGACGGACAGGG 
CCAAGCTCTTCATGGTGGCCGTGAAGCAGGAGTTGAGCCAAGCCAACTTTGCCACCTTCACCCAGGCCC 
TGCAGGACTACAAGGGTTCCGATGACTTCGCCGCCCTGGCCGCCTGTCTCGGCCCCCTCTTTGCTGAGG 
ACCCCAAGAAGCACAACCTGCTCCAAGGTGCCCTGGCTTGCAGAGGCCACCCACCCTGAGGGCAGTGCT 
GC CGCC GC GTGTGGGGTGGGGGCCATCTGGGTCC AAGGTGGTCTCTGTTC TCTAGAGAAAAAGGGGC AG 
ATGGGGAC AGAC GC CC CTTC CTCTACAGGCTTCTACCAGTTTGTGCGGCC CC ACCATAAGC AGC AGTTT 
GAGGAGGTCTGTATCCAGCTGACAGGACGAGGCTGTGGCTATCGGCCTGAGCACAGCATTCCCCGAAGG 
CAGCGGGCACAGCCGGTCCTGGACCCCACTGGTAAATGGGGCCCCAGGTGGGACCCTCAGACTCCTGCG 
TGGAAGGCAGTGTGGGCCAGAGTCCTGGGCTGCTTGGGGTGGGCATCCTCGGGCCCTGCTTGGCCCCGC 
CTCTCTGTTCCCCTATGGGAGTGATGGGGGCCTCCACCTCCACCACCAGCACCAGCAGCACCACCTCCA 
CCTTCACCACCACCACCTCCACCACCACCACCTCCACCACCTCCACCTCCACCACCTCCACCACCTCCA 
CCACCTCCACCACCACCACCACCTCCACCACCACCACCACCACCACCTCCACCACCACCACCACCACCA 
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CCACCTCCACCTCCACCACCTCCACCACCTCCACCACCACCACCACCACCACCACCTCCACCACCACCA 
CCTCCACCACCACCTCCACCACCACCTCCACCTCCACCACCACCACCTGCACCACCACCTCCACCTCCA 
CCACCACCACCACCTCCACCTCCACCAGCAGCAGCATCACTTGTTGGGGAGACCCTGTGCAACTCCATG 
CACAGCCCTGTCCCTGCCATAGCCCCGACCCCTAAGCACAGCCCTGTCCAACTGCCACACGTCCCCTGC 
CTCCCATGCATGGTCCTGGGGGGTCAACTGCACACGCCAGGGTCCTAGGGTCCTAGACCCCTGTCCTCC 
CTGTTTCTGCCTCTGTTTGGGGTGGAGTCCAAGTCTCCAGAGGCGGAAGCATCTGTGTTCGTGTGTTAA 
TGAACAGCCCCTACAGAGTTCCCCTAGTTCACCCAGGGGGGAACCTAGCCTGTTGGGACGACCCCAGAT 
CCCTTCTGGGCTTGGTACTCACTGGGATATCCTCATGCCTGCACCCAGCCTACGGCTCTGAGCTCCTGA 
GTGGGGCTTTGGCCTGCCCGCCACTGTTCCAGCCCCCATCCAGCAGGCTGGTGTCTCCTCTGATGCCCC 
CAGCACCCAGGCGTGTACCTGCCTGGGTTTTCCCGCCCTGGTCTGAGGTGGGTGAGGCCTGGCCTCCCT 
AGCCAGCCCTGCCCCCCCACCCCAGGGAACTTTCCAGATGCTCCCGACCAGCTTTGTGGCTCTACATCT 
CTTCATCAGGAAGAACGGCGCCGGATCCCAAGCTGACCGTGTCCACGGCTGCAGCCCAGCAGCTGGACC 
CCCAAGAGCACCTGAACCAGGGCAGGCCCCACCTGTCGCCCAGGCCACCCCCAACAGGTAGCTGACTCC 
TGAACCGTGTGCAGCCTACGACTTGGTGGGTCCCTCAGTGGCTTCACGAGGCTAACTCTTGAGTGTGGC 
CGGGGCTGCCCCTGTGGGGAGCCATCTCATGGTGGGGACTGCTCCCGGTTCTGCACCCCGCAGTTGTCC 
TGAGCAGCTCTCCAGGAGTTCCTGGAGGAAGGGCGGGCAGGGCGGTGGGACTCTCAGTCCTCCACCCCA 
GCGCCACTCTGAGCCATGCTACTCCCACACCAGGAGACCCTGGCAGCCAACCACAGTGGGGGTCTGGAG 
TGCCCAGAGCAGGGAAGCAGGGCCAGCACGCCGTGAGCGCCTACCTGGCTGATGCCCGCAGGGCCCTGG 
GGTCCGCGGGCTGTAGCCAACTCTTGGCAGCGCTGACAGCCTATAAGCAAGACGACGACCTCGACAAGG 
TGCTGGCTGTGTTGGCCGCCCTGACCACTGCAAAGCCAGAGGACTTCCCCCTGCTGCACAGCAAGTGGC 
CCTGGCGTGGGGAACAGCCGGTGGGGTGGGGGGCAGGGGACAAAATGGGGGCTGTGCCGGGTCTGATTG 
AAGCTCCCCGCAGGGTTCAGCATGTTTGTGCGTCCACACCACAAGCAGCGCTTCTCACAGACGTGCACA 
GACCTGACCGGCCGGCCCTACCCGGGCATGGAGCCACCGGGACCCCAGGAGGAGAGGCTTGCCGTGCCT 
CCTGTGCTTACCCACAGGGCTCCCCAACCAGGTAGGGCACCTGCCTGGCTGCTCCTGGCAGCGCCCCAA 
CCGCACGCAGCCCTGGGAGTGAGCAGCAAAGCCCCAGGCCCCCCTCAGACTCAAGTCTCTGTCTCCAGG 
CCCCTCACGGTCCGAGAAGACCGGGAAGACCCAGAGCAAGATCTCGTCCTTCCTTAGACAGAGGCCAGC 
AGGGACTGTGGGGGCGGGCGGTGAGGATGCAGGTCCCAGCCAGTCCTCAGGACCTCCCCACGGGCCTGC 
AGCATCTGAGTGGGGTGAGCCTCATGGGAGAGACATCGCTGGGCAGCAGGCCACGGGAGCTCCGGGCGG 
GCCCCTCTCAGCAGGCTGTGTGTGCCAGGGCTGTGGGGCAGAGGACGTGGTGCCCTTCCAGTGCCCTGC 
CTGTGACTTCCAGCGCTGCCAAGCCTGCTGGCAACGGCACCTTCAGGTTGGTGCCTGGCCACTACAGTT 
CCTGCTGGGTGTAGCCCCAGGTGATGGGCTGAGGGGGAAAGGGCAGGCCCTTGTCCTGGTGGCAACGCC 
TGGCAGACGTGTGCAGTGGGCCGGTTGTCTCACAGGCCTCTAGGATGTGCCCAGCCTGCCACACCGCCT 
CCAGGAAGCAGAGCGTCATGCAGGTCTTCTGGCCAGAGCCCCAGTGAGTGCCCACGGAGGCCCCCAGCA 
CACCCAACGTGGCTTGATCACCTGCCTGTCCAGCTCTGGTGGGCCAAGAACCCACCCAACAGAATAGGC 
CAGCCCATGCCAGCCGGCTTGGCCCGCTGCAGGCCTCAGGCAGGCGGGGCCCATGGTTGGTCCCTGCGG 
TGGGACCGGATCTGGGCCTGCCTCTGAGAAGCCCTGAGCTACCTTGGGGTCTGGGGTGGGTTTCTGGGA 
AAGTGCTTCCCCAGAACTTCCCTGGCTCCTGGCCTGTGAGTGGTGCCACAGGGGCACCCCAGCTGAGCC 
CCTCACCGGGAAGGAGGAGACCCCCGTGGGCACGTGTCCACTTTTAATCAGGGGACAGGGCTCTCTAAT 
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AAAGCTGCTGGCAGTGCCCAGGACGGTGTCTTCGTGGCCTGGGCTTGGTGGTGGGAGTTGAGGGACAGG 
GAGTTGGCAGAGGCCCCTCCCAGCCTGCCATGTGACACTGTACTTCCTCCACGGTGGGCTCAGCCCTGC 
CCTCATCCTCACAGCCGCAGCCAAGCTGCAGTTGGTAGGGGATCCACCGACACACCAGGCTGCCTGGGC 
TGGTCTCTGGGTTGGGAGCTGCCCCAGGTGCTGAGGAGGGCAGCTCCCTGGCTGGTGAGGCCCCTCCCA 
GAACCACCCTTGGACTGAGCTCTGGGGAGGGATGGTACCAGGTGGGTGAGGGGGGCTGCCTGGGGAGGG 
AGGGGTTCCTATGGGGCGTGGCGAGGCTGGCCCAGCCCTCTCCCCGCCCATATATGTAGGGCAGCAGCA 
GGATGGGCTTCTGGACTTGGGCGGCCCCTCCGCAGGCGGACCGGGGGCAAAGGAGGTGGCATGTCGGTC 
AGGCACAGCAGGGTCCTGTGTCCGCGCTGAGCCGCGCTCTCCCTGCTCCAGCAAGGACCATG 
(contained within SEQ ID NO: 5). 

24. An isolated nucleic acid molecule which comprises an intronic or 
3'UTR from the human M68 gene, selected from the group of sequences consisting of 

(a) GTGAGAGCTGGGCGAGGGGAGGGGCCCCCAGGAGTGGTGGCCGGAGGTGTGGCAGGGGTCA 
GGTTGCTGGTCCCAGCCTTGCACCCTGAGCTAGGACACCAGTTCCCCTGACCCTGTTCTTCCCTCCTGG 
CTGCAG ; 

( b ) GTGAGCCAGAGGCCTGAGGGGGCAGCACACTGCAGGCCAGGCCCACTTGTGCCCTCACTC 
CTGCCCCTGCACGTGCATCTAGCCTGAGGCATGCCAGCTGGCTCTGGGAAGGGGCCACAGTGGATTTGA 
GGGGTCAGGGGTCCCTCCACTAGATCCCCACCAAGTCTGCCCTCTCAGGGGTGGCTGAGAATTTGGATC 
TGAGCCAGGGCACAGCCTCCCCTGGGGAGCTCTGGGAAAGTGGGCAGCAATCTCCTAACTGCCCGAGGG 
GAAGGTGGCTGGCTCCTCTGACACGGAGAAACCGAGGCCTGATGGTAACTCTCCTAACTGCCTGAGAGG 
AAGGTGGCTGCCTCCTCTGACATGGGGAAACCGAGGCCCAATGTTAACCACTGTTGAGAAGTCACAGGG 
GGAAGTGACCCCCTTAACATCAAGTCAGGTCCGGTCCATCTGCAGGTCCCAACTCGCCCCTTCCGATGG 
CCCAGGAGCCCCAAGCCCTTGCCTGGGCCCCCTTGCCTCTTGCAGCCAAGGTCCGAGTGGCCACTCCTG 
CCCCCTAGGCCTTTGCTCCAGCTCTCTGACCGAAGGCTCCTGCCCCTTCTCCAGTCCCCATCGTTGCAC 
TGCCCTCTCCAGCACGGCTCACTGCACAGGGATTTCTCTCTCCTGCAAACCCCCCGAGTGGGGCCCAGA 
AAGCAGGGTACCTGGCAGCCCCCGCCAGTGTGTGTGGGTGAAATGATCGGACCGCTGCCTCCCCACCCC 
ACTGCAG; and, 

(c ) GCTTATTTTTATAAAGCTTTTTCATAAAACTGGTTGTAGTTGCACAGCTACTGGGAGGGC 
AGCCGGGGACACCTGAGCCGCCCGCTGTGCCCAGATCCCTCAGGCTGCCTGCCATCAGAACTGCTGCCC 
GGGGCTTCCCCTACCTCAGACAGACCCTCCCTGGGAGGATCAGTGGGGAGTGCCACCTCTGCCCCCAGT 
GGCTGTGGCACGTGGCAGGGGCCCCTGAAGCTCAGCGAGGGTCAGGGCCTGGGAG (contained 

within SEQ ID NO:5). 

25. A substantially purified protein comprising the amino acid sequence as 
set forth in SEQ ID NO:3. 

26. A substantially purified protein comprising the amino acid sequence as 
set forth in SEQ ID NO:4. 
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27. The purified protein of claim 25 which consists of the amino acid 
sequence as set forth in SEQ ID NO:3. 

28. The purified protein of claim 26 which consists of the amino acid 
sequence as set forth in SEQ ID NO:4. 

29. An antibody that binds specifically to M68 protein wherein the M68 
protein comprises the amino acid sequence as set forth in SEQ ID NO:3 or SEQ ID 
NO:4. 

30. The antibody of claim 29 which generated from the peptide selected 
from the group consisting of NKb-CRMPGLERS VRERFLPVH-COOH (SEQ ID 
NO: 12), VAETPTYPWRDAETGERL (SEQ ID NO: 13), LEAPEGWGPTPRAGRA 
(SEQ ID NO: 14), PPRHYTQFWNYLERC (SEQ ID NO:15). 



1/14 



1 


CTGACCACTG 


CAAAGCCAGA 


GGACTTCCCC 


CTGCTGCACA 


GGTTCAGCAT 


51 


GTTTGTGCGT 


CCACACCACA 


AGCAGCGCTT 


CTCACAGACG 


TGCACAGACC 


101 


TGACCGGCCG 


GCCCTACCCG 


GGCATGGAGC 


CACCGGGACC 


CCAGGAGGAG 


151 


AGGCTTGCCG 


TGCCTCCTGT 


GCTTACCCAC 


AGGGCTCCCC 


AACCAGGCCC 


201 


CTCACGGTCC 


GAGAAGACCG 


GGAAGACCCA 


GAGCAAGATC 


TCGTCCTTCC 


251 


TTAGACAGAG 


GCCAGCAGGG 


ACTGTGGGGG 


CGGGCGGTGA 


GGATGCAGGT 


301 


CCCAGCCAGT 


CCTCAGGACC 


TCCCCACGGG 


CCTGCAGCAT 


CTGAGTGGGG 


351 


CCTCTAGGAT 


GTGCCCAGCC 


TGCCACACCG 


CCTCCAGGAA 


GCAGAGCGTC 


401 


ATGCAGGTCT 


TCTGGCCGGA 


GCCCCACAAG 


GACCATGAGG 


GCGCTGGAGG 


451 


GGCCAGGCCT 


GTCGCTGCTG 


TGCCTGGTGT 


TGGCGCTGCC 


TGCCCTGCTG 


501 


CCGGTGCCGG 


CTGTACGCGG 


AGTGGCAGAA 


ACACCCACCT 


ACCCCTGGCG 


551 


GGACGCAGAG 


ACAGGGGAGC 


GGCTGGTGTG 


CGCCCAGTGC 


CCCCCAGGCA 


601 


CCTTTGTGCA 


GCGGCCGTGC 


CGCCGAGACA 


GCCCCACGAC 


GTGTGGCCCG 


651 


TGTCCACCGC 


GCCACTACAC 


GCAGTTCTGG 


AACTACCTGG 


AGCGCTGCCG 


701 


CTACTGCAAC 


GTCCTCTGCG 


GGGAGCGTGA 


GGAGGAGGCA 


CGGGCTTGCC 


751 


ACGCCACCCA 


CAACCGTGCC 


TGCCGCTGCC 


GCACCGGCTT 


CTTCGCGCAC 


801 


GCTGGTTTCT 


GCTTGGAGCA 


CGCATCGTGT 


CCACCTGGTG 


CCGGCGTGAT 


851 


TGCCCCGGGC 


ACCCCCAGCC 


AGAACACGCA 


GTGCCAGCCG 


TGCCCCCCAG 


901 


GCACCTTCTC 


AGCCAGCAGC 


TCCAGCTCAG 


AGCAGTGCCA 


GCCCCACCGC 


951 


AACTGCACGG 


CCCTGGGCCT 


GGCCCTCAAT 


GTGCCAGGCT 


CTTCCTCCCA 


1001 


TGACACCCTG 


TGCACCAGCT 


GCACTGGCTT 


CCCCCTCAGC 


ACCAGGGTAC 


1051 


CAGGAGCTGA 


GGAGTGTGAG 


CGTGCCGTCA 


TCGACTTTGT 


GGCTTTCCAG 


1101 


GACATCTCCA 


TCAAGAGGCT 


GCAGCGGCTG 


CTGCAGGCCC 


TCGAGGCCCC 


1151 


GGAGGGCTGG 


GGTCCGACAC 


CAAGGGCGGG 


CCGCGCGGCC 


TTGCAGCTGA 


1201 


AGCTGCGTCG 


GCGGCTCACG 


GAGCTCCTGG 


GGGCGCAGGA 


CGGGGCGCTG 


1251 


CTGGTGCGGC 


TGCTGCAGGC 


GCTGCGCGTG 


GCCAGGATGC 


CCGGGCTGGA 
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1301 GCGGAGCGTC CGTGAGCGCT TCCTCCCTGT GCACTGATCC TGGCCCCCTC 
1351 TTATTTATTC TACATCCTTG GCACCCCACT TGCACTGAAA GAGGCTTTTT 
1401 TTTAAATAGA AGAAATGAGG TTTCTTAA (SEQ ID NO: 1 ) 
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CTGACCACTGCAAAGCCAGAGGACTTCCCCCTGCTGCACAGGTTCAGCATGTTTGTGCGT 
1 + + + + + + 60 

GACTGGTGACGTTTCGGTCTCCTGAAGGGGGACGACGTGTCCAAGTCGTACAAACACGCA 

CCACACCACAAGCAGCGCTTCTCACAGACGTGCACAGACCTGACCGGCCGGCCCTACCCG 
61 + + + + + + 12 o 

GGTGTGGTGTTCGTCGCGAAGAGTGTCTGCACGTGTCTGGACTGGCCGGCCGGGATGGGC 

GGCATGGAGCCACCGGGACCCCAGGAGGAGAGGCTTGCCGTGCCTCCTGTGCTTACCCAC 
121 + + + + + + 180 

CCGTACCTCGGTGGCCCTGGGGTCCTCCTCTCCGAACGGCACGGAGGACACGAATGGGTG 

, n AGGGCTCCCCAACCAGGCCCCTCACGGTCCGAGAAGACCGGGAAGACCCAGAGCAAGATC 

181 + + + + + + 240 

TCCCGAGGGGTTGGTCCGGGGAGTGCCAGGCTCTTCTGGCCCTTCTGGGTCTCGTTCTAG 

TCGTCCTTCCTTAGACAGAGGCCAGCAGGGACTGTGGGGGCGGGCGGTGAGGATGCAGGT 

241 + + + + + + 300 

AGCAGGAAGGAATCTGTCTCCGGTCGTCCCTGACACCCCCGCCCGCCACTCCTACGTCCA 

CCCAGCCAGTCCTCAGGACCTCCCCACGGGCCTGCAGCATCTGAGTGGGGCCTCTAGGAT 
301 + + + + _ ___ + + 36o 

GGGTCGGTCAGGAGTCCTGGAGGGGTGCCCGGACGTCGTAGACTCACCCCGGAGATCCTA 

GTGCCCAGCCTGCCACACCGCCTCCAGGAAGCAGAGCGTCATGCAGGTCTTCTGGCCGGA 
361 + + + + + + 420 

CACGGGTCGGACGGTGTGGCGGAGGTCCTTCGTCTCGCAGTACGTCCAGAAGACCGGCCT 

GCCCCACAAGGACCATGAGGGCGCTGGAGGGGCCAGGCCTGTCGCTGCTGTGCCTGGTGT 

421 - + + + + + + 480 

CGGGGTGTTCCTGGTACTCCCGCGACCTCCCCGGTCCGGACAGCGACGACACGGACCACA 
MRALEGPGLSLLCLVL 

TGGCGCTGCCTGCCCTGCTGCCGGTGCCGGCTGTACGCGGAGTGGCAGAAACACCCACCT 
481 + + + + + __ + 540 

ACCGCGACGGACGGGACGACGGCCACGGCCGACATGCGCCTCACCGTCTTTGTGGGTGGA 
ALPALLPVPAVRGVAETPTY 

_ t , ACCCCTGGCGGGACGCAGAGACAGGGGAGCGGCTGGTGTGCGCCCAGTGCCCCCCAGGCA 

541 + + + + + + 60 o 

TGGGGACCGCCCTGCG TCTCTG TCCCC TCGCCGACCACACGCGGGTCACGGGGGG TCCGT 
PWRDAETGERLVCAQCPPGT 



CC T T TG TGC AGCGGCCG TGCCGCCG AG ACAGCCCCACG ACGTG TGGCCCG TG TCCACCGC 
+ + + + + + 

GGAAACACGTCGCCGGCACGGCGGCTCTGTCGGGGTGCTGCACACCGGGCACAGGTGGCG 
FVQRPCRRDSPTTCGPCPPR 



660 



GCCACTACACGCAGTTCTGGAACTACCTGGAGCGCTGCCGCTACTGCAACGTCCTCTGCG 
661 + + + + + + 720 

CGGTGATGTGCGTCAAGACCTTGATGGACCTCGCGACGGCGATGACGTTGCAGGAGACGC 
HYTQFWNYLERCRYCNVLCG 

GGGAGCGTGAGGAGGAGGCACGGGCTTGCCACGCCACCCACAACCGTGCCTGCCGCTGCC 
721 + + + + + + 780 

CCCTCGCACTCCTCCTCCGTGCCCGAACGGTGCGGTGGGTGTTGGCACGGACGGCGACGG 
EREEEARACHATHNRACRCR 
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GCACCGGCTTCTTCGCGCACGCTGGTTTCTGCTTGGAGCACGCATCGTGTCCACCTGGTG 

781 + + + + + + 840 

CGTGGCCGAAGAAGCGCGTGCGACCAAAGACGAACCTCGTGCGTAGCACAGGTGGACCAC 
TGFFAHAGFCLEHASCPPGA 

CCGGCGTGATTGCCCCGGGCACCCCCAGCCAGAACACGCAGTGCCAGCCGTGCCCCCCAG 

841 + + + + + + 900 

GGCCGCACTAACGGGGCCCGTGGGGGTCGGTCTTGTGCGTCACGGTCGGCACGGGGGGTC 
GV1APGTPSQNTQCQPCPPG 

GCACCTTCTCAGCCAGCAGCTCCAGCTCAGAGCAGTGCCAGCCCCACCGCAACTGCACGG 
901 + + + + + + 960 

CGTGGAAGAGTCGGTCGTCGAGGTCGAGTCTCGTCACGGTCGGGGTGGCGTTGACGTGCC 
TFSASSSSSEQCQPHRNCTA 

CCCTGGGCCTGGCCCTCAATGTGCCAGGCTCTTCCTCCCATGACACCCTGTGCACCAGCT 

961 + + + + + + 1020 

GGGACCCGGACCGGGAGTTACACGGTCCGAGAAGGAGGGTACTGTGGGACACGTGGTCGA 
L G L A L N V P G S S S H D T L C T S C 

GCAC TGGCTTCCCCC TCAGCACCAGGGT ACCAGGAGCTGAGGAG TG TGAGCG TGCCG TCA 
1021 + + + + + + 10 go 

CGTGACCGAAGGGGGAGTCGTGGTCCCATGGTCCTCGACTCCTCACACTCGCACGGCAGT 
T G F P L S T R V P G A E E C E R A V I 

TCGACTTTGTGGCTTTCCAGGACATCTCCATCAAGAGGCTGCAGCGGCTGCTGCAGGCCC 

1081 — - + -+ + + + --+ 1140 

AGCTGAAACACCGAAAGGTCCTGTAGAGGTAGTTCTCCGACGTCGCCGACGACGTCCGGG 
DFVAFQDISIKRLQRLLQAL 

TCGAGGCCCCGGAGGGCTGGGGTCCGACACCAAGGGCGGGCCGCGCGGCCTTGCAGCTGA 
mi + + + + + + 120 o 

AGCTCCGGGGCCTCCCGACCCCAGGCTGTGGTTCCCGCCCGGCGCGCCGGAACGTCGACT 
EAPEGWGPTPRAGRAALQLK 

AGCTGCGTCGGCGGCTCACGGAGCTCCTGGGGGCGCAGGACGGGGCGCTGCTGGTGCGGC 

1201 + + + f + + 1260 

TCGACGCAGCCGCCGAG TGCCTCGAGG ACCCCCGCG TCCTGCCCCGCGACGACCACGCCG 
LRRRLTELLGAQDGALLVRL 

TGCTGCAGGCGCTGCGCGTGGCCAGGATGCCCGGGCTGGAGCGGAGCGTCCGTGAGCGCT 
12 6 i + + + + + + 13 20 

ACGACGTCCGCGACGCGCACCGGTCCTACGGGCCCGACCTCGCCTCGCAGGCACTCGCGA 
LQALRVARMPCLERSVRERF 

TCCTCCCTGTGCACTGATCCTGGCCCCCTCTTATTTATTCTACATCCTTGGCACCCCACT 
132i + + + + + + 1380 

AGGAGGGACACGTGACTAGGACCGGGGGAGAATAAATAAGATGTAGGAACCGTGGGGTGA 
L P V H * (SEQ ID N0:3) 

TGCACTGAAAGAGGCTTTTTTTTAAATAGAAGAAATGAGGTTTCTTAA (SEQ ID NO: 1) 
1381 + + ___ + + i 4 2 8 

ACGTGACTTTCTCCGAAAAAAAATTTATCTTCTTTACTCCAAAGAATT (SEQ ID NO: 11) 

FIG.2B 

SUBSTITUTE SHEET (RULE 26) 



WO 00/46247 



PCT/USOO/03037 



5/14 



1 MRALEGPGLS LLCLVLALPA LLPVPAVRGV AETPTYPWRD AETGERLVCA 

51 QCPPGTFVQR PCRRDSPTTC GPCPPRHYTQ FWNYLERCRY CNVLCGEREE 

101 EARACHATHN RACRCRTGFF AHAGFCLEHA SCPPGAGVIA PGTPSQNTQC 

151 QPCPPGTFSA SSSSSEQCQP HRNCTALGLA LNVPGSSSHD TLCTSCTGFP 

201 LSTRVPGAEE CERAVIDFVA FQDISIKRLO RLLQALEAPE GWGPTPRAGR 

251 AALQLKLRRR LTELLGAQDG ALLVRLLQAL RVARMPGLER SVRERFLPVH 

(SEQ ID N0:3) 
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1 VAETPTYPWR DAETGERLVC AQCPPGTFVQ RPCRRDSPTT CGPCPPRHYT 

51 QFWNYLERCR YCNVLCGERE EEARACHATH NRACRCRTGF FAHAGFCLEH 

101 ASCPPGAGVI APGTPSQNTQ CQPCPPGTFS ASSSSSEQCQ PHRNCTALGL 

151 ALNVPGSSSH DTLCTSCTGF PLSTRVPGAE ECERAVIDFV AFQDISIKRL 

201 QRLLQALEAP EGCPTPRAG RAALQLKLRR RLTELLGAQD GALLVRLLQA 

251 LRVARMPGLE RSVRERFLPV H (SEQ ID NO: 4) 
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RELATIVE M68 GENE COPY NUMBER IN M68 EVEREXPRESSING TUMORS 




TUMOR □ SERIES 1 
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SEQUENCE LISTING 

<110> APPLICANT: Merck & Co., Inc (CA, EP, JP) 
Bai, Chang (US only) 

<120> TITLE: METHODS OF USE FOR DNA MOLECULES 
ENCODING M68, A TNF RECEPTOR-RELATED PROTEIN 



<130> DOCKET/FILE REFERENCE: 20392Y 
<160> NUMBER OF SEQUENCES: 21 

<170> SOFTWARE: FastSEQ for Windows Version 4.0 

<210> SEQ ID NO:l 

<211> LENGTH: 1428 

<212> TYPE: DNA 

<213> ORGANISM: Homo sapien 

<400> SEQ ID NO:l 

ctgaccactg caaagccaga ggacttcccc ctgctgcaca ggttcagcat gtttgtgcgt 
ccacaccaca agcagcgctt ctcacagacg tgcacagacc tgaccggccg gccctacccg 
ggcatggagc caccgggacc ccaggaggag aggcttgccg tgcctcctgt gcttacccac 
agggctcccc aaccaggccc ctcacggtcc gagaagaccg ggaagaccca gagcaagatc 
tcgtccttcc ttagacagag gccagcaggg actgtggggg cgggcggtga ggatgcaggt 
cccagccagt cctcaggacc tccccacggg cctgcagcat ctgagtgggg cctctaggat 
gtgcccagcc tgccacaccg cctccaggaa gcagagcgtc atgcaggtct tctggccgga 
gccccacaag gaccatgagg gcgctggagg ggccaggcct gtcgctgctg tgcctggtgt 
tggcgctgcc tgccctgctg ccggtgccgg ctgtacgcgg agtggcagaa acacccacct 
acccctggcg ggacgcagag acaggggagc ggctggtgtg cgcccagtgc cccccaggca 
cctttgtgca gcggccgtgc cgccgagaca gccccacgac gtgtggcccg tgtccaccgc 
gccactacac gcagttctgg aactacctgg agcgctgccg ctactgcaac gtcctctgcg 
gggagcgtga ggaggaggca cgggcttgcc acgccaccca caaccgtgcc tgccgctgcc 
gcaccggctt cttcgcgcac gctggtttct gcttggagca cgcatcgtgt ccacctggtg 
ccggcgtgat tgccccgggc acccccagcc agaacacgca gtgccagccg tgccccccag 
gcaccttctc agccagcagc tccagctcag agcagtgcca gccccaccgc aactgcacgg 
ccctgggcct ggccctcaat gtgccaggct ctccctccca tgacaccctg tgcaccagct 
gcactggctt ccccctcagc accagggtac caggagctga ggagtgtgag cgtgccgtca 
tcgactttgt ggctttccag gacatctcca tcaagaggct gcagcggctg ctgcaggccc 
tcgaggcccc ggagggctgg ggtccgacac caagggcggg ccgcgcggcc ttgcagctga 
agctgcgtcg gcggctcacg gagctcctgg gggcgcagga cggggcgctg ctggtgcggc 
tgctgcaggc gctgcgcgtg gccaggatgc ccgggctgga gcggagcgtc cgtgagcgct 
tcctccctgt gcactgatcc tggccccctc ttatttattc tacatccttg gcaccccact 
tgcactgaaa gaggcttttt tttaaataga agaaatgagg tttcttaa 

<210> SEQ ID NO: 2 

<211> LENGTH: 1066 

<212> TYPE: DNA 

<213> ORGANISM : Homo sapien 

<22 0> FEATURE: 

<221> NAME /KEY: CDS 

<222> LOCATION: (53)... (955) 

<400> SEQ ID NO: 2 

gcagggtcct gtgtccgcgc tgagccgcgc tctccctgct ccagcaagga cc atg agg 

Met Arg 
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1080 
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gcg ctg gag ggg cca ggc ctg teg ctg ctg tgc ctg gtg ttg gcg ctg 
Ala Leu Glu Gly Pro Gly Leu Ser Leu Leu Cys Leu Val Leu Ala Leu 



cct gec ctg ctg ccg gtg ccg get gta cgc gga gtg gca gaa aca ccc 
Pro Ala Leu Leu Pro Val Pro Ala Val Arg Gly Val Ala Glu Thr Pro 



acc tac ccc tgg egg gac gca gag aca ggg gag egg ctg gtg tgc gec 
Thr Tyr Pro Trp Arg Asp Ala Glu Thr Gly Glu Arg Leu Val Cys Ala 



cag tgc ccc cca ggc acc ttt gtg cag egg ccg tgc cgc cga gac age 
Gin Cys Pro Pro Gly Thr Phe Val Gin Arg Pro Cys Arg Arg Asp Ser 



ccc acg acg tgt ggc ccg tgt cca ccg cgc cac tac acg cag ttc tgg 
Pro Thr Thr Cys Gly Pro Cys Pro Pro Arg His Tyr Thr Gin Phe Trp 



aac tac ctg gag cgc tgc cgc tac tgc aac gtc etc tgc ggg gag cgt 
Asn Tyr Leu Glu Arg Cys Arg Tyr Cys Asn Val Leu Cys Gly Glu Arg 



gag gag gag gca egg get tgc cac gee acc cac aac cgt gec tgc cgc 
Glu Glu Glu Ala Arg Ala Cys His Ala Thr His Asn Arg Ala Cys Arg 
100 105 110 

tgc cgc acc ggc ttc ttc gcg cac get ggt ttc tgc ttg gag cac gca 
Cys Arg Thr Gly Phe Phe Ala His Ala Gly Phe Cys Leu Glu His Ala 
115 120 125 130 

teg tgt cca cct ggt gee ggc gtg att gee ccg ggc acc ccc age cag 
Ser Cys Pro Pro Gly Ala Gly Val He Ala Pro Gly Thr Pro Ser Gin 
135 140 145 

aac acg cag tgc cag ccg tgc ccc cca ggc acc ttc tea gec age age 
Asn Thr Gin Cys Gin Pro Cys Pro Pro Gly Thr Phe Ser Ala Ser Ser 
150 155 160 

tec age tea gag cag tgc cag ccc cac cgc aac tgc acg gec ctg ggc 
Ser Ser Ser Glu Gin Cys Gin Pro His Arg Asn Cys Thr Ala Leu Gly 
165 170 175 

ctg gee etc aat gtg cca ggc tct tec tec cat gac acc ctg tgc acc 
Leu Ala Leu Asn Val Pro Gly Ser Ser Ser His Asp Thr Leu Cys Thr 
180 185 190 

age tgc act ggc ttc ccc etc age acc agg gta cca gga get gag gag 
Ser Cys Thr Gly Phe Pro Leu Ser Thr Arg Val Pro Gly Ala Glu Glu 
195 200 205 210 

tgt gag cgt gee gtc ate gac ttt gtg get ttc cag gac ate tec ate 
Cys Glu Arg Ala Val He Asp Phe Val Ala Phe Gin Asp He Ser He 
215 220 225 

aag agg ctg cag egg ctg ctg cag gec etc gag gee ccg gag ggc tgg 
Lys Arg Leu Gin Arg Leu Leu Gin Ala Leu Glu Ala Pro Glu Gly Trp 
230 235 240 
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ggt ccg aca cca agg gcg ggc cgc gcg gcc ttg cag ctg aag ctg cgt 826 
Gly Pro Thr Pro Arg Ala Gly Arg Ala Ala Leu Gin Leu Lys Leu Arg 
245 250 255 

egg egg etc acg gag etc ctg ggg gcg cag gac ggg gcg ctg ctg gtg 874 
Arg Arg Leu Thr Glu Leu Leu Gly Ala Gin Asp Gly Ala Leu Leu Val 
260 265 270 

egg ctg ctg cag gcg ctg cgc gtg gcc agg atg ccc ggg ctg gag egg 922 
Arg Leu Leu Gin Ala Leu Arg Val Ala Arg Met Pro Gly Leu Glu Arg 
275 280 285 290 

age gtc cgt gag cgc ttc etc cct gtg cac tga tcctggcccc ctcttattta 975 
Ser Val Arg Glu Arg Phe Leu Pro Val His * 
295 300 

ttctacatcc ttggcacccc acttgeactg aaagaggctt ttttttaaat agaagaaatg 1035 
aggtttctta aaaaaaaaaa aaaaaaaaaa a 1066 

<210> SEQ ID NO:3 

<211> LENGTH: 300 

<212> TYPE: PRT 

<213> ORGANISM: Homo sapien 

<400> SEQ ID NO:3 



Met 


Arg 


Ala 


Leu 


Glu 


Gly 


Pro 


Gly 


Leu 


Ser 


Leu 


Leu 


Cys 


Leu 


Val 


Leu 


1 








5 










10 










15 




Ala 


Leu 


Pro 


Ala 






Pro 


Val 


Pro 


Ala 


Val 


Arg 


Gly 


Val 


Ala 


Glu 








20 










25 










30 






Thr 


Pro 


Thr 


Tyr 


Pro 


Trp 


Arg 


Asp 


Ala 


Glu 


Thr 


Gly 


Glu 


Arg 


Leu 


Val 






35 










40 










45 








Cys 


Ala 


Gin 


Cys 


Pro 


Pro 


Gly 


Thr 


Phe 


Val 


Gin 


Arg 




Cys 








50 










55 










60 










Asp 


Ser 


Pro 


Thr 


Thr 


Cys 


Gly 


Pro 


Cys 


Pro 


Pro 


Arg 


His 


Tyr 


Thr 


Gin 


65 










70 










75 










80 


Phe 


Trp 


Asn 


Tyr 


Leu 


Glu 


Arg 


Cys 


Arg 


Tyr 


Cys 


Asn 


Val 


Leu 


Cys 


Gly 










85 










90 










95 




Glu 


Arg 


Glu 


Glu 


Glu 


Ala 


Arg 


Ala 


Cys 


His 


Ala 


Thr 


His 




Arg 


Ala 








100 










105 










110 






Cys 


Arg 


Cys 


Arg 


Thr 


Gly 


Phe 


Phe 


Ala 


His 


Ala 


Gly 


Phe 


Cys 


Leu 


Glu 






115 










120 










125 








His 


Ala 


Ser 


Cys 


Pro 


Pro 


Gly 


Ala 


Gly 


Val 


He 


Ala 


Pro 


Gly 


Thr 


Pro 




130 










135 










140 










Ser 


Gin 


Asn 


Thr 


Gin 


Cys 


Gin 


Pro 


Cys 


Pro 


Pro 


Gly 


Thr 


Phe 


Ser 


Ala 


145 










150 










155 










160 


Ser 


Ser 


Ser 


Ser 


Ser 


Glu 


Gin 


Cys 


Gin 


Pro 


His 


Arg 


Asn 


Cys 


Thr 


Ala 










165 










170 










175 




Leu 


Gly 


Leu 


Ala 


Leu 


Asn 


Val 


Pro 


Gly 


Ser 


Ser 


Ser 


His 


Asp 


Thr 


Leu 








180 










185 










190 






Cys 


Thr 


Ser 


Cys 


Thr 


Gly 


Phe 


Pro 


Leu 


Ser 


Thr 


Arg 


Val 


Pro 


Gly 


Ala 






195 










200 










205 








Glu 


Glu 


Cys 


Glu 


Arg 


Ala 


Val 


He 




Phe 


Val 


Ala 


Phe 


Gin 


Asp 


He 




210 










215 










220 










Ser 


He 


Lys 






Gin 


Arg 


Leu 




Gin 


Ala 


Leu 


Glu 


Ala 


Pro 


Glu 


225 










230 










235 










240 


Gly 


Trp 


Gly 


Pro 


Thr 


Pro 


Arg 


Ala 


Gly 


Arg 


Ala 


Ala 


Leu 


Gin 


Leu 


Lys 










245 










250 










255 




Leu 


Arg 


Arg 


Arg 


Leu 


Thr 


Glu 


Leu 


Leu 


Gly 


Ala 


Gin 


Asp 


Gly 


Ala 


Leu 








260 










265 










270 
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Leu Val Arg 


Leu 


Leu 


Gin 


Ala 


Leu 


Arg 


Val 


Ala 


Arg 


Met 


Pro 


Gly 


Leu 


275 










280 










285 








Glu Arg Ser 


Val 


Arg 


Glu 


Arg 


Phe 


Leu 


Pro Val 


His 










290 








295 










3 00 










<210> SEQ ID NO: 


:4 
























<211> LENGTH: 271 
























<212> TYPE: 


PRT 


























<213> ORGANISM: Homo 


sapien 




















<400> SEQ ID NO: 


:4 
























Val Ala Glu 


Thr 


Pro 


Thr 


Tyr 


Pro 


Trp 


Arg 


Asp 


Ala 


Glu 


Thr 


Gly 


Glu 


1 




5 










10 










15 




Arg Leu Val 


Cys 


Ala 


Gin 


Cys 


Pro 


Pro 


Gly Thr 


Phe 


Val 


Gin 


Arg 


Pro 




20 










25 










30 






Cys Arg Arg 


Asp 


Ser 


Pro 


Thr 


Thr 


Cys 


Gly 


Pro 


Cys 


Pro 


Pro 


Arg 


His 


35 










40 










45 








Tyr Thr Gin 


Phe 


Trp 


Asn 


Tyr 




Glu 




Cys 




Tyr 


Cys 


Asn 


Val 


50 








55 










60 9 










Leu Cys Gly 


Glu 


Arg 


Glu 


Glu 


Glu 


Ala 


Arg 


Ala 


Cys 


His 


Ala 


Thr 


His 


65 






70 










75 










80 


Asn Arg Ala 


Cys 


Arg Cys 


Arg Thr Gly 


Phe 


Phe 


Ala 


His 


Ala 


Gly 


Phe 






85 










90 










95 




Cys Leu Glu 


His 


Ala 


Ser 


Cys 


Pro 


Pro 


Gly Ala Gly 


Val 


He 


Ala 


Pro 




100 










105 










110 






Gly Thr Pro 


Ser 


Gin 




Thr 


Gin 


Cys 


Gin 


Pro 


Cys 


Pro 


Pro 


Gly 


Thr 


115 










120 










125 








Phe Ser Ala 


Ser 


Ser 


Ser 


Ser 


Ser 


Glu 


Gin 


Cys 


Gin 


Pro 


His 


Arg 


Asn 


130 








135 










140 










Cys Thr Ala 


Leu 


Gly Leu 


Ala 


Leu 


Asn 


Val 


Pro Gly 


Ser 


Ser 


Ser 


His 


145 






150 










lb 5 










160 


Asp Thr Leu 


Cys 


Thr 


Ser 


Cys 


Thr Gly 


Phe 


Pro 


Leu 


Ser 


Thr 


Arg 


Val 






165 










17 0 










175 




Pro Gly Ala 


Glu 


Glu 


Cys 


Glu 


Arg 


Ala 


Val 


He 


Asp 


Phe 


Val 


Ala 


Phe 




180 










185 










190 






Gin Asp lie 


Ser 


He 


Lys 


Arg 


Leu 


Gin 


Arg 


Leu 


Leu 


Gin 


Ala 


Leu 


Glu 


195 










200 










205 








Ala Pro Glu 


Gly 


Trp 


Gly 


Pro 


Thr 


Pro 




Ala 


Gly 


Arg 


Ala 


Ala 


Leu 


210 








215 










220 










Gin Leu Lys 


Leu 


Arg 


Arg 


Arg 


Leu 


Thr 


Glu 


Leu 


Leu 


Gly 


Ala 


Gin 


Asp 


225 






230 










235 










240 


Gly Ala Leu 


Leu 


Val 


Arg 


Leu 


Leu 


Gin 


Ala 


Leu 


Arg 


Val 


Ala 


Arg 


Met 






245 










250 










255 




Pro Gly Leu 


Glu 


Arg 


Ser 


Val 


Arg 


Glu 


Arg 


Phe 




Pro 


Val 


His 






260 










265 










270 







<210> SEQ ID NO: 5 

<211> LENGTH: 7720 

<212> TYPE: DNA 

<213> ORGANISM: Homo sapien 

<400> SEQ ID NO: 5 

ccccccacat cactttggtt ctctggcggg tcagcttggc tcagtgcact caaggtcggg 
tgcccctgcc actggctgcg cttgaggctg gcctttctcc aggaatgtgc tgcgggtgga 
acccaggttc cttcttcctt ggggcctttt gccccagaag cccataattc ctcaggccaa 
cccgaaattt tctccctgct tcctgctggg agccattccc ctcttcctgc ccatccctgc 
ccttcaggcc cctggagtga gctccaggtg caggcaccag gcacctgtgt ccccttcctg 
ccagcccctc gctgtggtcg gactgtcttc cctggacctg ctcttacaag tcaccacctg 
cgagcctcat gagccgctgg tgtgacttgg acaggaccaa gttgtggcac tgtcaccggg 
gtgtgctgtg cccccctccc ccgacctcca tcttggctca gggctccttg ggaccatctt 
ccctgtgcgt ccaggtgctt tgggacccca gagtgtgtgg ttggggtctg tgtgtggttg 



60 
120 
180 
240 
300 
360 
420 
480 
540 
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tgagctgtgt cctcctcagg cccacagctg ctccaccctg tccctcctgt ctgagaagag 600 
gccggcagaa gaaccgcgag gagggaggaa gaagatccgg ctggtcagcc acccggtgcg 6 60 

tgagctgtcc ctgcacctgt gccgaccacc atagacacgc atgggaacgc agccgtgggt 720 
gcccccagcc acggctggtc ccgatgggac cagggaatcc acccccagga gctgatgtcc 7 80 

agggcagctg tgatgctgac ggccaggggc tcaagtgtgt ggtttcttct gcagggggct 840 
catgagtccc agctggaatc aggccccacc cttgggcagg tttggcatgg ggcctgcagc 900 
actgggcttg gccctggcat ttccctcaag tgtggatgca cacctgcctc atgtgaggga 960 

cacagcccat tcctagcctt ggatcaaaga acggagttat agccggagcc aggaagcccc 1020 

ctgcctgctg gaaaacccca agtgtggcgg cctttgtcca tgtcccttgg cttctgggaa 1080 

gaactgggtg gtgcccaggc agggctggtg ccatcaggaa gtgggtggct gctgaggggc 1140 

ctgggctggc gagggcctgg gtggggagtg cctgggccgc ccctgccttg gtttccacgt 12 00 

ttccgtgttg gtctggggtg tgtagagaga tgggcactgc tcatccggaa gcccctcctt 1260 

gtgcgctgcc atcctgggag cctcagccgc atccgctgtg gggcaggggg cttgagggag 1320 

gaggagagag acgggccatg caggacccct ggcttgaggc agagccaatc taccctttgc 1380 

ccattcactg ctctcagttc cctgccagcc tctcactgtg tgacctcaga cgggcccagc 1440 

cccacagctt tcttcccgca gcccctccct atgtccatcc agccagccag tttctcaggc 1500 

agcagcccca cctcggcagt cactgtccca gggaacgctc aatgttccaa ggaaggctct 1560 

gcagccccag ggaccagatg atgaggctgg ccctgatgga gcctcgggcc tgtgtcctgc 1620 

aggaggagcc cgtggctggt gcacagacgg acagggccaa gctcttcatg gtggccgtga 1680 

agcaggagtt gagccaagcc aactttgcca ccttcaccca ggccctgcag gactacaagg 1740 

gttccgatga cttcgccgcc ctggccgcct gtctcggccc cctctttgct gaggacccca 1800 

agaagcacaa cctgctccaa ggtgccctgg cttgcagagg ccacccaccc tgagggcagt 1860 

gctgccgccg cgtgtggggt gggggccatc tgggtccaag gtggtctctg ttctctagag 1920 

aaaaaggggc agatggggac agacgcccct tcctctacag gcttctacca gtttgtgcgg 1980 

ccccaccata agcagcagtt tgaggaggtc tgtatccagc tgacaggacg aggctgtggc 2040 

tatcggcctg agcacagcat tccccgaagg cagcgggcac agccggtcct ggaccccact 2100 

ggtaaatggg gccccaggtg ggaccctcag actcctgcgt ggaaggcagt gtgggccaga 2160 

gtcctgggct gcttggggtg ggcatcctcg ggccctgctt ggccccgcct ctctgttccc 2220 

ctatgggagt gatgggggcc tccacctcca ccaccagcac cagcagcacc acctccacct 2280 

tcaccaccac cacctccacc accaccacct ccaccacctc cacctccacc acctccacca 2340 

cctccaccac ctccaccacc accaccacct ccaccaccac caccaccacc acctccacca 2400 

ccaccaccac caccaccacc tccacctcca ccacctccac cacctccacc accaccacca 2460 

ccaccaccac ctccaccacc accacctcca ccaccacctc caccaccacc tccacctcca 2520 

ccaccaccac ctgcaccacc acctccacct ccaccaccac caccacctcc acctccacca 2580 

gcagcagcat cacttgttgg ggagaccctg tgcaactcca tgcacagccc tgtccctgcc 2 640 

atagccccga cccctaagca cagccctgtc caactgccac acgtcccctg cctcccatgc 2700 

atggtcctgg ggggtcaact gcacacgcca gggtcctagg gtcctagacc cctgtcctcc 2760 

ctgtttctgc ctctgtttgg ggtggagtcc aagtctccag aggcggaagc atctgtgttc 2820 

gtgtgttaat gaacagcccc tacagagttc ccctagttca cccagggggg aacctagcct 2880 

gttgggacga ccccagatcc cttctgggct tggtactcac tgggatatcc tcatgcctgc 2940 

acccagccta cggctctgag ctcctgagtg gggctttggc ctgcccgcca ctgttccagc 3000 

ccccatccag caggctggtg tctcctctga tgcccccagc acccaggcgt gtacctgcct 3060 

gggttttccc gccctggtct gaggtgggtg aggcctggcc tccctagcca gccctgcccc 3120 

cccaccccag ggaactttcc agatgctccc gaccagcttt gtggctctac atctcttcat 3180 

caggaagaac ggcgccggat cccaagctga ccgtgtccac ggctgcagcc cagcagctgg 3240 

acccccaaga gcacctgaac cagggcaggc cccacctgtc gcccaggcca cccccaacag 3 3 00 

gtagctgact cctgaaccgt gtgcagccta cgacttggtg ggtccctcag tggcttcacg 33 60 

aggctaactc ttgagtgtgg ccggggctgc ccctgtgggg agccatctca tggtggggac 3420 

tgctcccggt tctgcacccc gcagttgtcc tgagcagctc tccaggagtt cctggaggaa 3480 

gggcgggcag ggcggtggga ctctcagtcc tccaccccag cgccactctg agccatgcta 3540 

ctcccacacc aggagaccct ggcagccaac cacagtgggg gtctggagtg cccagagcag 3600 

ggaagcaggg ccagcacgcc gtgagcgcct acctggctga tgcccgcagg gccctggggt 3660 

ccgcgggctg tagccaactc ttggcagcgc tgacagccta taagcaagac gacgacctcg 3720 

acaaggtgct ggctgtgttg gccgccctga ccactgcaaa gccagaggac ttccccctgc 3780 

tgcacagcaa gtggccctgg cgtggggaac agccggtggg gtggggggca ggggacaaaa 3840 

tgggggctgt gccgggtctg attgaagctc cccgcagggt tcagcatgtt tgtgcgtcca 3900 

caccacaagc agcgcttctc acagacgtgc acagacctga ccggccggcc ctacccgggc 3960 

atggagccac cgggacccca ggaggagagg cttgccgtgc ctcctgtgct tacccacagg 4020 

gctccccaac caggtagggc acctgcctgg ctgctcctgg cagcgcccca accgcacgca 4080 

gccctgggag tgagcagcaa agccccaggc ccccctcaga ctcaagtctc tgtctccagg 4140 

cccctcacgg tccgagaaga ccgggaagac ccagagcaag atctcgtcct tccttagaca 42 00 



WO 00/46247 



6 



PCT/US00/03037 



gaggccagca gggactgtgg gggcgggcgg tgaggatgca ggtcccagcc agtcctcagg 4260 

acctccccac gggcctgcag catctgagtg gggtgagcct catgggagag acatcgctgg 4320 

gcagcaggcc acgggagctc cgggcgggcc cctctcagca ggctgtgtgt gccagggctg 43 8 0 

tggggcagag gacgtggtgc ccttccagtg ccctgcctgt gacttccagc gctgccaagc 4440 

ctgctggcaa cggcaccttc aggttggtgc ctggccacta cagttcctgc tgggtgtagc 4500 

cccaggtgat gggctgaggg ggaaagggca ggcccttgtc ctggtggcaa cgcctggcag 456 0 

acgtgtgcag tgggccggtt gtctcacagg cctctaggat gtgcccagcc tgccacaccg 462 0 

cctccaggaa gcagagcgtc atgcaggtct tctggccaga gccccagtga gtgcccacgg 4680 

aggcccccag cacacccaac gtggcttgat cacctgcctg tccagctctg gtgggccaag 4740 

aacccaccca acagaatagg ccagcccatg ccagccggct tggcccgctg caggcctcag 4800 

gcaggcgggg cccatggttg gtccctgcgg tgggaccgga tctgggcctg cctctgagaa 4860 

gccctgagct accttggggt ctggggtggg tttctgggaa agtgcttccc cagaacttcc 4920 

ctggctcctg gcctgtgagt ggtgccacag gggcacccca gctgagcccc tcaccgggaa 4980 

ggaggagacc cccgtgggca cgtgtccact tttaatcagg ggacagggct ctctaataaa 5 040 

gctgctggca gtgcccagga cggtgtcttc gtggcctggg cttggtggtg ggagttgagg 5100 

gacagggagt tggcagaggc ccctcccagc ctgccatgtg acactgtact tcctccacgg 5160 

tgggctcagc cctgccctca tcctcacagc cgcagccaag ctgcagttgg taggggatcc 5220 

accgacacac caggctgcct gggctggtct ctgggttggg agctgcccca ggtgctgagg 5280 

agggcagctc cctggctggt gaggcccctc ccagaaccac ccttggactg agctctgggg 5340 

agggatggta ccaggtgggt gaggggggct gcctggggag ggaggggttc ctatggggcg 5400 

tggcgaggct ggcccagccc tctccccgcc catatatgta gggcagcagc aggatgggct 5460 

tctggacttg ggcggcccct ccgcaggcgg accgggggca aaggaggtgg catgtcggtc 5520 

aggcacagca gggtcctgtg tccgcgctga gccgcgctct ccctgctcca gcaaggacca 5580 

tgagggcgct ggaggggcca ggcctgtcgc tgctgtgcct ggtgttggcg ctgcctgccc 5640 

tgctgccggt gccggctgta cgcggagtgg cagaaacacc cacctacccc tggcgggacg 5700 

cagagacagg ggagcggctg gtgtgtgccc agcgcccccc aggcaccttt gtgcagcggc 5760 

cgtgccgccg agacagcccc acgacgtgtg gcccgtgtcc accgcgccac tacacgcagt 5820 

tctggaacta cctggagcgc tgccgctact gcaacgtcct ctgcggggag cgtgaggagg 5880 

aggcacgggc ttgccacgcc acccacaacc gcgcctgccg ctgccgcacc ggcttcttcg 5940 

cgcacgctgg tttctgcttg gagcacgcat cgtgtccacc tggtgccggc gtgattgccc 6000 

cgggtgagag ctgggcgagg ggaggggccc ccaggagtgg tggccggagg tgtggcaggg 6060 

gtcaggttgc tggtcccagc cttgcaccct gagctaggac accagttccc ctgaccctgt 6120 

tcttccctcc tggctgcagg cacccccagc cagaacacgc agtgccagcc gtgcccccca 6180 

ggcaccttct cagccagcag ttccagctca gagcagtgcc agccccaccg caactgcacg 6240 

gccctgggcc tggccctcaa tgtgccaggc tcttcctccc atgacacgct gtgcaccagc 63 00 

tgcactggct tccccctcag caccagggta ccaggtgagc cagaggcctg agggggcagc 63 60 

acactgcagg ccaggcccac ttgtgccctc actcctgccc ctgcacgtgc atctagcctg 6420 

aggcatgcca gctggctctg ggaaggggcc acagtggatt tgaggggtca ggggtccctc 6480 

cactagatcc ccaccaagtc tgccctctca ggggtggctg agaatttgga tctgagccag 5540 

ggcacagcct cccctgggga gctctgggaa agtgggcagc aatctcctaa ctgcccgagg 6600 

ggaaggtggc tggctcctct gacacggaga aaccgaggcc tgatggtaac tctcctaact 6660 

gcctgagagg aaggtggctg cctcctctga catggggaaa ccgaggccca atgttaacca 6720 

ctgttgagaa gtcacagggg gaagtgaccc ccttaacatc aagtcaggtc cggtccatct 6780 

gcaggtccca actcgcccct tccgatggcc caggagcccc aagcccttgc ctgggccccc 6840 

ttgcctcttg cagccaaggt ccgagtggcc actcctgccc cctaggcctt tgctccagct 6900 

ctctgaccga aggctcctgc cccttctcca gtccccatcg ttgcactgcc ctctccagca 6960 

cggctcactg cacagggatt tctctctcct gcaaaccccc cgagtggggc ccagaaagca 7020 

gggtacctgg cagcccccgc cagtgtgtgt gggtgaaatg atcggaccgc tgcctcccca 7080 

ccccactgca ggagctgagg agtgtgagcg tgccgtcatc gactttgtgg ctttccagga 7140 

catctccatc aagaggctgc agcggctgct gcaggccctc gaggccccgg agggctgggg 7200 

tccgacacca agggcgggcc gcgcggcctt gcagctgaag ctgcgtcggc ggctcacgga 7260 

gctcctgggg gcgcaggacg gggcgctgct ggtgcggctg ctgcaggcgc tgcgcgtggc 732 0 

caggatgccc gggctggagc ggagcgtccg tgagcgcttc ctccctgtgc actgatcctg 7380 

gccccctctt atttattcta catccttggc accccacttg cactgaaaga ggcttttttt 7440 

taaatagaag aaatgaggtt tcttaaagct tatttttata aagctttttc ataaaactgg 7500 

ttgtagttgc acagctactg ggagggcagc cggggacacc tgagccgccc gctgtgccca 7 560 

gatccctcag gctgcctgcc atcagaactg ctgcccgggg cttcccctac ctcagacaga 7 62 0 

ccctccctgg gaggatcagt ggggagtgcc acctctgccc ccagtggctg tggcacgtgg 7 68 0 

caggggcccc tgaagctcag cgagggtcag ggcctgggag 772 0 
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<210> SEQ ID NO: 6 
<211> LENGTH: 25 
<212> TYPE: DNA 

<213> ORGANISM : Artificial Sequence 
<22 0> FEATURE : 

<223> OTHER INFORMATION: oligonucleotide 

<400> SEQ ID NO: 6 
ctctccctgc tccagcaagg accat 

<210> SEQ ID NO: 7 
<211> LENGTH: 24 
<212> TYPE: DNA 

<213> ORGANISM: Art if icial Sequence 
<22 0> FEATURE: 

<223> OTHER INFORMATION: oligonucleotide 

<400> SEQ ID NO: 7 
atcagtgcac agggaggaag cgct 

<210> SEQ ID NO: 8 
<211> LENGTH: 25 
<212> TYPE: DNA 

<213> ORGANISM: Art if icial Sequence 
<2 2 0> FEATURE: 

<2 23> OTHER INFORMATION: oligonucleotide 

<400> SEQ ID NO: 8 
cacaggttca gcatgtttgt gcgtc 

<210> SEQ ID NO: 9 
<211> LENGTH: 25 
<212> TYPE: DNA 

<213> ORGANISM: Art if icial Sequence 
<22 0> FEATURE: 

<223> OTHER INFORMATION: oligonucleotide 

<400> SEQ ID NO: 9 
cacagtccct gctggcctct gtcta 

<210> SEQ ID NO: 10 

<211> LENGTH: 187 

<212> TYPE: PRT 

<213> ORGANISM : Homo sapien 



<400> SEQ ID NO' 


:10 
























Pro 


Lys 


Tyr 


Leu 


His 


Tyr 


Asp 


Glu 


Glu 


Thr 


Ser 


His 


Gin 






Cys 


1 








5 










10 










15 




Asp 


Lys 


Cys 


Pro 


Pro 


Gly Thr 


Tyr 


Leu 


Lys 


Gin 


His 


Cys 


Thr 


Ala 


Lys 








20 










25 










30 






Trp 


Lys 


Thr 
35 


Val 


Cys 


Ala 


Pro 


Cys 
40 


Pro 


Asp 


His 


Tyr 


Tyr 
45 


Thr 




Ser 


Trp 


His 
50 


Thr 


Ser 


Asp 


Glu 


Cys 
55 


Leu 


Tyr 


Cys 


Ser 


Pro 
60 


Val 


Cys 




Glu 


Leu 


Gin 


Tyr 


Val 


Lys 


Gin 


Glu 


Cys 


Asn 


Arg 


Thr 


His 


Asn 


Arg Val 


Cys 


65 










70 










75 










80 
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Glu 


Cys 


Lys 


Glu 


Gly Arg 


Tyr 


Leu Glu 


He 


Glu 


Phe 


Cys 


Leu 




His 










85 








90 










95 




Arg 


Ser 


Cys 


Pro 
10C 




Gly 


Phe 


Gly Val 
105 


Val 


Gin 


Ala 


Gly 


Thr 
110 


Pro 


Glu 


Arg 


Asn 


Thr 
115 


Val 






Arg 


Cys Pro 
120 


Asp 


Gly 


Phe 


Phe 
125 


Ser 


Asn 


Glu 


Thr 


Ser 
130 


Ser 


Lys 


Ala 


Pro 


Cys 
135 


Arg Lys 


His 


Thr 


Asn 
140 


Cys 


Ser 


Val 


Phe 


Gly 


Leu 


Leu 


Leu 


Thr 


Gin 


Lys 


Gly Asn 


Ala 


Thr 


His 




Asn 


He 


Cys 


145 










150 








155 










160 


Ser 


Cys 


Glu 




Ser 
165 


Val 


Gin 


Arg His 


He 
170 


Gly 


His 


Ala 


Asn 


Leu 
175 


Thr 


Phe 


Glu 


Gin 


Leu 
180 


Arg 


Ser 


Leu 


Met Glu 
185 


Ser 


Leu 













<210> SEQ ID NO: 11 

<211> LENGTH: 1428 

<212> TYPE: DNA 

<213> ORGANISM: Homo sapien 

<400> SEQ ID NO: 11 

gactggtgac gtttcggtct cctgaagggg gacgacgtgt ccaagtcgta caaacacgca 60 

ggtgtggtgt tcgtcgcgaa gagtgtctgc acgtgtctgg actggccggc cgggatgggc 12 0 

ccgtacctcg gtggccctgg ggtcctcctc tccgaacggc acggaggaca cgaatgggtg 180 

tcccgagggg ttggtccggg gagtgccagg ctcttctggc ccttctgggt ctcgttctag 240 

agcaggaagg aatctgtctc cggtcgtccc tgacaccccc gcccgccact cctacgtcca 300 

gggtcggtca ggagtcctgg aggggtgccc ggacgtcgta gactcacccc ggagatccta 360 

cacgggtcgg acggtgtggc ggaggtcctt cgtctcgcag tacgtccaga agaccggcct 420 

cggggtgttc ctggtactcc cgcgacctcc ccggtccgga cagcgacgac acggaccaca 480 

accgcgacgg acgggacgac ggccacggcc gacatgcgcc tcaccgtctt tgtgggtgga 540 

tggggaccgc cctgcgtctc tgtcccctcg ccgaccacac gcgggtcacg gggggtccgt 600 

ggaaacacgt cgccggcacg gcggctctgt cggggtgctg cacaccgggc acaggtggcg 6 60 

cggtgatgtg cgtcaagacc ttgatggacc tcgcgacggc gatgacgttg caggagacgc 720 

ccctcgcact cctcctccgt gcccgaacgg tgcggtgggt gttggcacgg acggcgacgg 780 

cgtggccgaa gaagcgcgtg cgaccaaaga cgaacctcgt gcgtagcaca ggtggaccac 840 

ggccgcacta acggggcccg tgggggtcgg tcttgtgcgt cacggtcggc acggggggtc 900 

cgtggaagag tcggtcgtcg aggtcgagtc tcgtcacggt cggggtggcg ttgacgtgcc 960 

gggacccgga ccgggagtta cacggtccga gaaggagggt actgtgggac acgtggtcga 1020 

cgtgaccgaa gggggagtcg tggtcccatg gtcctcgact cctcacactc gcacggcagt 1080 

agctgaaaca ccgaaaggtc ctgtagaggt agttctccga cgtcgccgac gacgtccggg 1140 

agctccgggg cctcccgacc ccaggctgtg gttcccgccc ggcgcgccgg aacgtcgact 1200 

tcgacgcagc cgccgagtgc ctcgaggacc cccgcgtcct gccccgcgac gaccacgccg 1260 

acgacgtccg cgacgcgcac cggtcctacg ggcccgacct cgcctcgcag gcactcgcga 1320 

aggagggaca cgtgactagg accgggggag aataaataag atgtaggaac cgtggggtga 1380 

acgtgacttt ctccgaaaaa aaatttatct tctttactcc aaagaatt 1428 

<210> SEQ ID NO: 12 

<211> LENGTH: 18 

<212> TYPE: PRT 

<213> ORGANISM: Homo sapien 

<400> SEQ ID NO:12 

Cys Arg Met Pro Gly Leu Glu Arg Ser Val Arg Glu Arg Phe Leu Pro 

15 10 15 

Val His 



<210> SEQ ID NO: 13 

<211> LENGTH: 18 

<212> TYPE: PRT 

<213> ORGANI SM : Homo sapien 
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<400> SEQ ID NO: 13 

Val Ala Glu Thr Pro Thr Tyr Pro Trp Arg Asp Ala Glu Thr Gly Glu 
15 10 15 

Arg Leu 



<210> SEQ ID NO: 14 

<211> LENGTH: 16 

<212> TYPE: PRT 

<213> ORGANISM: Homo sapien 

<400> SEQ ID NO: 14 

Leu Glu Ala Pro Glu Gly Trp Gly Pro Thr Pro Arg Ala Gly Arg Ala 
15 10 15 

<210> SEQ ID NO: 15 

<211> LENGTH: 15 

<212> TYPE: PRT 

<213> ORGANISM: Homo sapien 

<400> SEQ ID NO: 15 

Pro Pro Arg His Tyr Thr Gin Phe Trp Asn Tyr Leu Glu Arg Cys 
15 10 15 

<210> SEQ ID NO: 16 
<211> LENGTH : 17 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<22 0> FEATURE: 

<223> OTHER INFORMATION: oligonucleotide 

<400> SEQ ID NO: 16 
ccagcacggc tcactgc 

<210> SEQ ID NO: 17 
<211> LENGTH: 17 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: oligonucleotide 

<400> SEQ ID NO: 17 
tttctgggcc ccactcg 

<210> SEQ ID NO: 18 

<211> LENGTH: 27 

<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 

<220> FEATURE: 

<223> OTHER INFORMATION: oligonucleotide 



<400> SEQ ID NO: 18 
cagggatttc tctctcctgc aaacccc 



27 
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<210> SEQ ID NO:19 
<211> LENGTH: 19 
<212> TYPE: DNA 

<213> ORGANISM:Artificial Sequence 
<22 0> FEATURE: 

<223> OTHER INFORMATION: oligonucleotide 
<400> SEQ ID NO:19 

acccttaggc tgctggtgg 19 

<210> SEQ ID NO:20 
<211> LENGTH: 2 0 
<212> TYPE: DNA 

<213> ORGANISM : Artificial Sequence 
<22 0> FEATURE : 

<223> OTHER INFORMATION: oligonucleotide 
<400> SEQ ID NO:20 

ggagtggaca gatccccaaa 2 0 

<210> SEQ ID NO:21 
<211> LENGTH: 3 0 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<22 0> FEATURE: 

<223> OTHER INFORMATION: oligonucleotide 



<400> SEQ ID NO: 21 

ctacccttgg acccagaggt tctttgagtc 



30 
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